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PREFACE. 



The letter of iustrnctions from tlie Secretary of tlie Ti-easury, in 1868, 
to the Commissiouer of Miuiiig Statistics, indicated as one of the most 
important subjects for inquiry, " tbe relative merits of the various in- 
ventions, machines, and mechanical contrivances in use or projected 
for the reduction of the precious metals, and for all other purposes con- 
nected mth the business of mining and metallurgy," 

At the request of Commissioner Kaymond, the writer undertook the 
preparation of a report upon the subject, and notices of the i)rincipal 
mechanical appliances in use were submitted, and printed as Part IV 
of the Commissioner's report to Congress for the year 1870. The pres- 
ent volume is a reprint of that part, with some modifications. Under 
the circumstances, it was not possible to prepare a systematic and com- 
prehensive treatise upon the machines used in mining, and this was not 
attempted. The time and means were limited, and only the intervals 
between other daily duties could be devoted to the work. 

The notices were written in the winter of 1869-^'70, and since the deliv- 
eiy of the manuscript there have been notable advances in the con- 
struction and use of miuing machinery. The activity and enterprise 
of the miners of the Pacific slope is shown in the rapid succession of im- 
provements. It is not po^ble in the ordinary course of publication of 
reports of this kind to keep pace with the march of improvement and 
discovery. However fresh and recent a description may be, before it 
can be published some new advance needs to be chronicled. For ex- 
ample, the diamond drill, de-scribed and commended to the attention of 
miners in these pages, has since been put into successful operation by 
prospecting in advance some of the gold mines of Califomia. There 
has also been a flue example of subaqueous mining and blasting in the 
removal of Blossom Eock, one of the obstructions to the navigation of 
the harbor of San Francisco. Other blasting operations upon a large 
scale have been carried on at the Blue Point Tunnel, at Smartsville, 
California, Hydraulic nozzles, so constructed as to be readily adjust- 
ible to any angle, atid under easy control, have been introduced. The 
new Stephens and Eawlings buddle is reported as being used with great 
success in concentrating the battery sands at Grass Valley. A 60-stamp 
mill, remarkable for its completeness and admirable arrangement, has 
recently been built by the Union Iron Works, of San Francisco, for the 
Eberhardt and Aurora Mining Company, at White Pine. The sixty 
stamps are grouped in six double batteries. There are twenty-two 
grinding aiid amalgam atiug pans, eleven settlers, and three agitators. 
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It is built upon a till-side, so that the ore descends by its gravity from 
one macliine to another, and is not handled at any stage of the treat- 
ment. The stamps are fed automatically, and even the quicksilver, 
strained from the amalgam, ia returned by mechanism to its reservoir 
above the amalgamators. Automatic operation of machines is of great 
importance where labor is so scarce and high. Increased attention has 
of late been given to improvements in this respect. 

WILLIAM P. BLAKE. 
New Haven, Conn., Novemier, ISTO. 
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I N T R D U G T li Y. 



THE MANUFACTURE OF MINING MACHINERY IK CALI- 
FORNIA. 

The great ilemaud for mining implements of all kinds which attended 
the sudden development of gold mining in California was at first sup- 
plied from the Atlantic States and from Europe, Some of the first 
quartz mills erected in the State were imported from England. Itelics 
of them may still be found In Grass Valley and on the Mariposa 
Estate. But this dependence upon eastern and foreign workshops did 
not long continne : fonnderie.s and machine-shops were started in San 
Prancisco, and their extent and number has been increased to keep pace 
with the rapid enlargement of the mining field of the Pacific slope. 
With the constantly increasing discoveries of new districts, and the open- 
ing of new sources of gold, silver, and copper, the demand for machinery 
has been enormous and peremptory. But it has been most succesfnlly 
met by the mechanical engineers of the Pacific slope. Their work is 
characterized by great boldiiess, independence of i»recedent, ingeTiuity 
and originality; and tliey to-day furnish some of the best mEicIiinerj' iu 
the world for certain departments of the art of mining. 

The directions in which the greatest ailTauce has been made are: 
1. The improvements in breakers, stamp-batteries, &i!., and the substi- 
tution of iron for wood in stamps and ore-dressing and concentrating 
machines, 2. The manufacture of pans for grinding and amalgamating. 
3. The introdnction of silvered and amalgamated copper-plates tor sav- 
ing gold and quicksilver, 4. The art of placer mining has been revoln- 
tiouized ; cumbrous and slow working hand machines have given way to 
gigantic operations which in their extent and effect apjiroach those of 
Nature. The under curi'ent sluice is but one of tlie improvements to 
which the development of this art has led. 

The effects of the discoveries, and of the improvements following them, 
have been wide-spread. Invention and production have everywhere 
been stimulated. Attention has been steadily directed to the invention 
of machhies to be substituted for hand labor, especially in rock-drilling, 
and to the improvement of explosives, all tending to diminish the cost 
of moving rock and extracting the precious ore, llock-drilling machines 
have passed through a great vailety of modifications in the United 
States, and the Leschot diamond drill, which originated in Prance, hei-e 
finds its greatest development and its most general and successful prac- 
tical application. 

The iron fonnderies and machine-shops of Ban Francisco have been 
sustained chiefly by the demand for mining machinery, and were moat 
numerous and successful in 1865 and 18C6, during the period of greatest 
expansion in prospecting and mining, and the formation of companies 
to develop claims and mining ground in all directions. The valne of the 
castings produced at these tbunderies iii the year 1860 is estimated at 
little less than two millions of dollars, the greater portion being for 
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qoartz mills and miiiiiig machinery. Tliere were theu thirteen establish- 
meuts in full operation, employing about 1,000 men. The number of 
large establislimeiits uow in oi>eration is somewhat lesa. In addition to 
the works in San Francisco, there ai'e foujideriea in tho other large cities, 
as Sacramento, Stockton and Maiyeville, Hevada City, and at nearly all 
the chief mining centere, where mills are built, shoes and dies cast, and 
repairs made. 

The principal establishments in San Francisco at which raining ma- 
chinery is manufactured are the Union Iron Works, the Pacific Iron 
AVorkSj the Vulcan Iron Works, the Minei's' Foundery, and the Golden 
St-ate Iron Works. 

The first named is the pioneer establishment, having been founded in 
the year 1849, by the Messi's. Donahue Brothers, upon a very limited scale, 
from which it has grown to be tlie largest and beet appointed on tho 
eoaist. At tho comuiencement, the blast for melting was produced by a 
blacksmith's bellows, and the tools and materials were few and imper- 
fect. At present, there are in the machine-shop twenty-five lathes, eight 
planers, and much powerful drilling, cutting, gea^ring, and sliaping ma^ 
chjuery. One of the planers is tlie largest iu the State. The smithery . 
is provided with a fifteen-ton steam hammer for forging large work, and 
the boiler department has automatic punching ami riveting machines. 
The main building is of brick, three stories high, with a frontage of 1875 
feet, and a depth of 120 feet About 300 men are employed. 

The Pacific Works were staited in 1850. In 1867 they worked up 700 
tons of pig iron, 350 tons of bar and piate iron, with 700 toas of coal ; 
and the value of the productwas $300,000. 

The Vulcan, in 1867, worked up 1,300 tons of pig iron and 200 tonsof 
bar and round iron. 

This brief mention of some of the more important of the machine mak- 
ing establishments will serve to give a general idea of the capacity of 
the coast for the production of mining machinery. 

Calitbniia not only manufactures mills and machinery for the Pacific 
elope, for Nevada, Idaho, Oregon, Wa-shington, and Arizona, but exports 
to British Columbia^ Mexico, Central America, South America, Colorado, 
Borth Carolina, and, to some extent, to Australia. Its stamp-mills for 
gold quartz crushing are superior to any other, and are regarded as 
models to be followed. There is no country where so much money jmd 
eftort has been expended in so short a time in experimenting with, and 
perfecting, the various machines used in mining; and although it may 
be said that there has l>een a great waete of material and money in the 
headlong, blundering way in which the progress has been made, it must 
be admitted that the result on the whole is more satisfactory tlian it 
would probably have been by this time, if every problem had been the 
subject of slow and careful deliberation. The great value of time and 
labor in these new and rapidly espmiding metalliferous regions is to be 
considered, and Ukewise the enormous rates of interest, ranging &om 
twelve to thirty-six per cent, per annum ; the great cost of traneporta- 
tion, ranging from five to twenty -five cents per pound ; and other con- 
ditions very different from those in older mining regions, so that it is 
not possible to make any jiist comparison between the one and the other 
without giving a fair consideration to these peculiar and difficult circum- 
stances under which the development has been made. 

In the following notices of the mechanical appliances of mining the 
attempt has not been made to give a complete description of them all. 
Neither time nor the space allowed permitt«d this ; but it has been the 
endeavor as far as posaible to describe the machinery and apjiaratus of 
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mining now in nse on tLe Pacific slope, and to add such notices of ma- 
cliines used abroad for similar purposes, and to make sncli comparisons 
as wonld be likely to interest and instmet tliose engaged in mining, 
and to furnisli the data for a general reply to the natural inqniry, what 
is the position of tlie United States in this respect, compared with that 
of European countries. 

The writer desirea to make special acknowledgment to the Union Iron 
Works of San Francisco for drawings of stamp-mills, hoisting works, and 
other machinery, from which many of the illustrations have been reduced 
for these pages. He is also Indebted, fbr valuable information, to Mr. 
Irving M. Scott, to Mr. Moore, of the Vulcan Foundery, and A. S. Hal- 
lidie, esq., president of the Mechanics' Institute. 

For information concerning the machiiierj' now in use abroad^ he has 
consulted his own notes upon the machinery at the Paris- Exposition, and 
elsewhere, and the works of Burat upon the machinery of the Belgian 
and French collieries. Having recently, in part, rewritten the report 
upon mining* in the series of reports upon the Paris Exposition, he has 
felt at liberty to make free use of iihose pages and of many of the illus- 
trations, electrotyped copies of which had been secured for the purpose. 

* lieport on niiuiug auii tlie ineclianical preparation of ores, lij Henry F.Q.D'Alij^y, 
and Al&ed Huet, F. Gojler, and C. Lepaimoiur. Waslaiiigtou : Govermnent Priiitmg 
Office. 1870. 
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SECTION I— AGtENOIES AND INSTRUMENTS OF 
BREAKING DOWN ROCKS AND ORES. 



CHAPTER I. 
WATE It — HYDRAULIC JIINIKG. 

The placer miner avails himself of the results of forces whicli have been 
acting for nnuumlDered ages. Frost, ice, and mountain torrents, aided 
by the decay of rooks, have broken down the Teina and liberated the gold, 
leavingit distributed under the gravel and sand in the beds of ancient and 
existing streams. The force required for brealtlng up the rocks and veins 
hasbeenexpendedand the work of the placer miner is rather to dean np, 
or harvest, what nature has already mined for him. But the operations 
of nature have been so vast, and so gigantic have been the deposits 
made by rivers and floods, that the pick, shovel, and pan are inadequate 
for the profitable collection of the gold, and other mechanical appliances 
are brought to bear. Powder and nitro-glycerine are used to blow up 
and disintegrate the deep aud consolidated deposits j water under pres- 
sure is made to nndermine and wash away high banks of gravel ; power- 
' ful cranes and hoisting apparatus, and for some of the harder cemented 
gravela massive stamp-mills, are required. 

As water was Hatore's principal instrument in preparing these earth 
deposits, so, also, is water the surface miner's great agent for brealtiug 
down and reasserting them. It is brought to bear directly upon tlie 
materials, either witii the momentum it acquires in falling from a consid- 
erable elevation, or with the gentler force of a shorter fall as it runs down 
a sloping channel. The first is the hydraulic process, aud the second is 
shiimig. The operation of the first is to break and d.isiut6grate, and of 
the second to separate, assort, aud concentrate. In hydraulic mining, 
the two are necessarily connected aud form one continuous operation. 
Water falling through pipes from a height of from 100 to 200 feet is deliv- 
ered through nozzles in continuous streams against tlie base of a bank 
of earth. It nudermines the bank ; the overhanging masses tall to the 
baise and are broken apart and loosenedj. the water penetrates every 
crack and pore; large boulders are thrown aside like pebbles ; the whole 
mass is stiri'ed and mingled, while the accumulated waters flow away 
down the slope tliick with sand and earth, leaving the larger boulders 
and the gold resting clean- washed upon the surface of the bed-rock. 

This process is appUcable wherever deposits have accumulated to such 
a depth upon the lower stratum holding the g^old that they canuot be 
economically removed by digging. For its successful operation there 
are two esseutial conditions : first, snfSeient liead or height and quantity 
of water; second, a rapid Ml or slopefrom thebaseof thebank,80 that 
the water will flow swiftly away and carry the loosened gTavel^ sand, and 
earth with it. In California there is comparatively httlc difficulty in 
attaining these conditions by an adequate expenditure of money. The 
high mountains give numerous streams flowing toward and across the 
gold region, and the deep valleys aud ravines permit of ample fall and 
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drainage. But the streams liave to be diverted from their conrses and 
caxried in ditches and flcinies for many miles along the hillsides, while 
in most cases the best gold deposits are in trough-like or hasin-shaped 
depressions, hemmed in by rooky walla, tlirough which artificial outlets 
must be cut, so as to give the requisite drainage. 

Thus, when the position, depdi, and richness of a deposit are ascer- 
tained, and it is decided to work it by the hydraulic method, the first 
operation is to provide an outlet for the water. This is done by cutting 
a tunnel through the rim-rock Irom an acyoining ravine or valley, so as 
to tap the lowest part of the basin, and, if possible, to secure a vertical 
fall of fifty to one hundred feet from the base of the deposit. Such tun- 
nels are usually costly and laboriou-s undertakings; they require great 
engineering skill for their proper projection, and often many jears of 
time. In driving some of the longer tunnels, from five to seven years 
have been consumed and au expenditure of from $10 to $60 per linear 
foot incurred. They vary in lengtli from a few hundred feet to a mile, 
and are usually from six to eight teet in width by seven in height. 

MINING DITCHES IN CALIFOENIA. 

In the year 1SG7 there were 5,328 miles of ai'tiflcial water-coui'ses for 
mining purposes in the Stat-e of California, besides the subsidiary 
branchejs, estimated at over 800 miles more. These water-courses are 
ditches cut, wherever possible, into the earth of the hillsides, and 
crossing rocky points and deep valleys by mesuis of flumes, or, better, in 
iron pipes. Tlie ditches are usually about eight feet wide at the topi six 
at the bottom, and three feet deep. The grade varies from twelve to 
eighteen feet to the mile. Formerly flumes were constructed on a large 
scale and at great cost; but now large sheet-iroa pip^ ace substituteil 
with great advantage in durability and economy. Some of the flumes 
were of great length and heiglit : one near Big -Oak Flat, in Tuolumne 
County, being 1,300 feet long and a part of it 256 feet above the surface 
and suppoi-ted upon wooden towers. Upon the Truckee dit<;h there 
were, at one time, 13 miles of flume, eight feet wide and four feet deep, 
hung upon the side of a dcej) canOii. Upon the Pilot Creek ditch there 
was one piece of flume 300 teet long and 95 feet high. 

The boards used for makingfiumes are usually from one and a quarterto 
one and a half inch thick. They are laid down rough and then battened. 
Sills are placed at intervals of two and a half feet, with posts and a «ip for 
the support of the flume-box. The sills are four inches square, the posts 
three by four, and the caps one and a half by fonr inches. In addition 
to the first cost of a flume, it is expensive to keep in repair, and is liable 
to a great many accidents. It may be burned or blown down, and if it 
is left dry for several monthSj all the boards curl up and split so that 
they cannot be used again. It is said that the repairs of a flnme cost 
90 per cent, more than those of a ditch. For all these reasons, flumes 
are not now constructed where they can possibly be avoided, and iron 
pil>es are substituted. These pipes are made of stout sheet-iron or 
boiler-iron, and vary in size from 10 to 40 inches in diameter, according 
to the quantityofwaterto be carried. From 7 to 11 inches is a common 
diametei- for the smaller pipes, and these are made of No. 20 iron. A 
sheet two feet wide and six feet long wiU make two joints of 11-inch 
pipe. These joints are pnt together to form sections 20 feet long, and 
these sections ai-e united upon the ground and secured by means 
of sti'ong wire wound around two projecting ears or hooks of iron, one 
upon each section. Tlie whole pipe is also firmly fastened to the surface 
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Ijy posts securely set in tlie ground, to prerent its weight from can-ying 
it down the steey slopes. The examples of the sucoessfiil use of pipes 
for caaTjiug water across depressions and ravines are numerons. TJpon 
the South Fork Canal, in Eldorado County, a pipe is used to cany 50 
inches of water across a valley 1,600 feet wide and 190 feet deep. This 
pipe is 10 inches in dlaoneter, the iron about one-sixteenth of an incli thick, 
and the supply end is ninety feet higher than the delivery. On the 
Excelsior Company's ditch, near Smartsville, there are five miles of low 
flume, 6,000 feet of 40-inch pipe, 3,000 feet of 20-ineh pipe, and half a 
mile of 38-inch pipe. The 40-ineh pipe crosses a depression 150 feet 
deep, and with a head of thirty-two ffeet carries 3,600 inches of water. 
ITpou the Dutch Mat ditch there are 3,500 feet of 31-inch iron pipe and 
837 feet of 32-iuch pipe. 

The aggregate cost of the ditches in California for the supply of water 
is reported as $15,575,400.* They are generally built by compaiiies and 
owned distinct from the mining coiopaniea ; and the water is sold to the 
miners at so much per inch per day of ten hours. 

THE miner's inch OB WATER. 

The minei's inch of water is not a very definite and fixed quantity, for 
the methods of delivering it differ in different places. It varies ac- 
cording to the pressure or head and the height of the aperture. Usually 
the pressure is six inches, and the aperture is a horizontal slit one inch 
high and about twenty-four inches long, which can be closed to any de- 
sired degree so as to leave an opening one inch long, giving one inch of 
water, or ten or twelve inches long, giving correspooding numbers of 
inches of water. It is thus usual to consider the miner's inch as that 
quantity which will j^ass through an opening of one square inch area 
under a mean pressiu-e or head of six inches. The quantity discharged 
from such an opening (one miner's inch) in tweiity-four hours is equal to 
2,274 cubic feet. A cubic foot is equal to 7.49 United States gallons,- or 
thirty-eight miner's inches. 

The Eureka Lake and Canal Company deliver water through an aper- 
ture two inches high and under a pressure of six inches. The amount 
delivered by them through an aperture twenty inches long and two 
inches high is considered to be forty inches. Upon the Excelsior ditch, 
and also upon the Sear's ditch, water is delivered under a pressure of 
ten inches, measured from the center of the orifice. Upon the Moke- 
liimne Hill and Campo Seco ditch, water is delivered under a pressure of 
four inches. The PhoBuix: ditch Company deliver it through au orifice 
three inches high and under a pressure of tour inches over the oriticie. 
Upon the Gold Hdl ditch. El Dorado County, a miner's inch has beeu 
measured out through an orifi,C6 two inches high and an incli wide under 
a four-inch pressure. Another ditch in El Dorado County has sold for 
a.n inch of water the amount that escapes through an oriflte three 
inches high and an inch wide withoiit pressure. 

At Smartsville water is sold with a head of nine inches with a tour- 
inch opening 125 inches long, giving 11.8 per cent, for an " inch " more 
than is usually given. The quantity discharged through an opening four 
inches deep, with a nine-inch head over the middle of the opening with 
the coefficient of discharge =,0015 is 106.6 cubic feet per liour, or 1.7767 
cubic feet per minute. 

A "head of water "is 500 inches daily for ten hours, and is the quan- 
tity required for a first-class hydraulic operation. 
* Langlisj-'s DivDCtiii'y, 1807. 
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The distribution of the water to the hosepipes is gcDeraUy by a side 
iron pipe leading from the main pipe or reservoir, and connecting at the 
bottom with a strong cast-iron bos. This box is provided with open- 
ings in different directions, to which tlie smaller pipes are fitted ; and 
these again connect with flexible canvas hose^ strongly made and cov- 
ered with netting and bound at intervals with iron. They terminate in 
brass nozzles with orifices from two to three inches in diameter. 

ECONOMY or THE HYDEAULIC PROCESS. 

It is not easy to estimate the average cost of washing by the hydran- 
lie process. It requires not only very careful measurements of tlio bulk 
of the materials removed, and of the amount and pressure of the water 
used, but the nature of the material must be taken into the account, 
whetlier hard or soft, cemented or loose gravel, sand or stiff clay ; for the 
rate of progress will vary greatly according to the resistance of the ma- 
terials to the disintegrating or moving action of tbe water. The follow- 
ing, from a report made by the writer in 1869, may here be cited • as 
showing the estimate at that time of the value of the hydraulic method 
compared with hand labor : 

As a liiljor-aaviug prooees the resTilts of this method, compare favorably with tboae 
attained by machinery in the various departments of innian inilustry where mannal 
labor haa been anperBedeil. With one r>ine of an inch and a half or two inches aper- 
tine and a preaaure or head of ninety feet, a boy o&i oaicsTate aiift wash aa mneh anrif- 
cwiis earth in one day as conld ten or fifteen men without its aid. It is common to es- 
timate the work of a pipe as eqjial to the labor of ten men ; in some locationa a pipe of 
the size mentioned mi^ht efieut more thau twenty men in the eame time. The water 
ia ever active and luitiring, and works as rapidly in inaccessible places as npon nn ex- 
posed bank. ThB qnanfity of earth moved wiU, of oourse, vary greatly at different 
places, depencling chiefly upon ita character ; whether aandy, a mixture of claj" and 
sand, or clay alone. The amonnt of gravel and boulders also varies greatly in all gold 

Slaters. From measnreuienta mode mat year in Horth Carolina, where a pipe of nie- 
i«m size had been in use at the Wilkerson placer, I eBtimat.ed that witb. a head of 
sixty feet, and a pipe of one and a half or two inches in diameter, over a thonaand 
bushels of eai'th conld be moved and washed in a day. If this estimate ia coraect, 
earth which contains only the twenty-fifUi part of a gi-ain of gold, or about two milla' 
worth in a bushel, will pay about two dollars a day to a pipe. In washing by this pro- 
cess it ia esse:iitial that tlie fail or descent of tlie bed-rock n'om the point being waslied 
should be sufficiently rapid to insure a swiiti current in the waate water, ao tliut it will 
carry the loosened aand and clay away inanapenaionorforce it along the aluioe boxes." 

In California, at Gold Eun, upon the railroad divide between Bear 
!River and the !North Fork of the American, the gravel is very soft and 
deep ; there is abundance of water under great iiressure, and all the 
conditions m'e extremely favorable for the hydraidic process. It is not 
necessary to spend time in blasting the hai-d cemented gravel, as at 
Smaxtsville, or to puddle, as at La Porte or at Dutch Flat, to remove 
large boulders ; the washing continues without interruption. Two men 
can do all the work in a claim that uses 300 inches of water. It is es- 
timated there that one pipe will break down as' much gravel as the 
water from three pipes can wash away ; while at Dutch Flat three piiws 
are required to break down as much gravel as the water of one ijipe can 
wash away. Estimating, as is there done, an inch of water to be equiv- 
alent to a supply of 145 pounds per minute, or 8,700 pounds per hour, 
it follows that 300 inches supplies 15,000 tons in a day of twelve hours. 
Estimating the quantity earned away by this water as equal to one-tenth 
of its weight' (although one- fifth is. generally allowed) it follows that 1,500 
tons are moved, or TaO tons i)er day to each of the two men. It ia not 

' The gold placers of the vioiuity ofDahloiiisgii, Georgia. 
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supposed tbat this resnlfi is uniformly attained, but that it has "been at- 
tained under favorable oircumstancea. 

Mr. Laur, during his visit to California, in the seirice of the French 
government, estimated that with miners' wages at the uniform rate of 
twenty francs per day, the expense of the manual labor necessary for 
worting one cubic meti'e of gravel by the several methods usually em- 
ployed was :* 

rraiios, CBUtinies. 

By the pan (about) To 00 

By the rocker (about) 20 00 

By the long tom (about) .') 00 

By the sluice (about) - 1 71 

By the hydraulic washing (about) 2S 

Being twenty-eight centimes, or about six cents per oubic yard for min- 
ing gravel by the hydraulic method. And this appears to innlude the 
coat of the water, for he states that during teu days 28,OS0 cubic metres 
of gravel were woriiod over with an ■expense for :* 

Franca. 

"Wat«f 5, 000 

Manual labor 804 

Sundries (about) SOO 

Total - 0,764 

Prom examinations made by Professor Silliman of the quantity of 
water used and of gravel washed upon the Blue Gravel Company's 
claim near Smartsville, it appears that 17,074,758.15 oubic yards of 
water-were used to wash 989,165 cubic yards of gravel; hence, one 
cubic yai-d required 17.2618 cubic yards of water, equal to 3,486 gallons, t 
The whole amount paid out for water during ^ months was $57,261, at 
the rate of fifteen cents per miner's inch. The cost of water per eubic 
yard of gravel moved is five cents and seven-tenths, deduced from tlie 
foregoing; and it is stated by Black that in the Middle Yuba district, 
with the cost of water twenty cents an inch, the cost of mining a cubic 
yard of gravel is seven and a half cents. 

TALL SLUICING. 

As an example of tail sluicing upon a large scale, the Teaff sluice, 
Dutch Plat, probably the largest in California, may be cited. The total 
length of this sluice is 6,500 feet; of this, 2,500 feet ai'e 5^ feet wide 
and 26 inches deep, in a tunnel; and 3,000 feet of its length is six feet 
mde. It cost $55,000, a.nd was four years bxiildiug. Several companies 
deliver their tailings into it, with an aggregate of 1,550 inches of water. 
The bottom is paved with boulders, 14 inches deep, and the grade is ten 
inches in twelve teet; but it is believed that eight inches would have 
been better. The descent is broken at intervals of 120 feet by drops, 
or dumps, two and a half feet high in the tunnel and five feet outside. 
These serve to break up the masses of cemented pebbles, and thus lib- 
erate the gold. The force of the eun'ent in this sluice is such that 
bouldei-s of rock ten and fifteen inches, and even twenty inches in 
diameter, are swept along at the rate of nearly ten miles an hour. This 
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coiietant i>onndiiig and attrition of tlie paved bottom of tbe sluice by 
tlie rolling: rocks and gravel wear it rapidly away, this wear being as 
great as two inches of depth in three months; and half of the pavit]g 
stones become broken, so as to be nnflt for use. 

From fifteen to twenty pounds of qniekailver are put into the sluice 
daily, in the evening; bnt as the sluice continually catches quicksilver, 
swept from the claiina above, the owner is never obliged to buy any. 
He tabes out utore than he puts in. 

Rock suitable for paving is selected from the round boulders swept 
down the sluice. They are stopped by means of a strong iron grating 
placed across the sluice in an inclined position. Tlie spaces between the 
bars measure eight inches, so that only the larger boulders are arrested. 
A Oliinaman, standing by the grate, examines every boulder that stops, 
and saves those suitable tor the pavement. 

Among other notable sluicing operations, the following may be men- 
tioned: Hoskins's taC-slnice, at Indiana Hill ravine, in sections, the 
longest tiventy-four feet in lengtli, with intermediate abrupt pitches over 
rocks. There are fifteen boxes, six or eight feet wide and two or two 
and a half feet deep, with a grade of eight inches in twelve feet. 
Moody's tail-sluice, hi Caiion Creek, double, two thousand feet long, 
each eight feet wide and about four feet deep. Kinder and White's 
tail-sluice, in the same cation, has two sluices, ciglit feet wide and seven 
hundred feet long, grade three inches iu twelve feet. 



CnAPTEll II. 

HAND TOOLS. 

It may at first, to many, seem trivial to devote much space to the form 
and peculiarities of tools used daily by miners ; but this view will not 
be held when we reflect upon the importance, in the aggregate, of the 
proper construction of even the simplest and most common implement. 
With light, strong, and well-proportioned tools, the skillful miner can 
ficcompliah mmsh more work iu the same time than he possibly could 
with clumsily and roughly made ones. Tiie American shovel and the 
American axe may be taken as familiar examples. No one who has 
sufficient manual <lext-erity to use them properly can fail to appreciate 
how far superior they are to other forms for the same i^nrposes. 

MINING PICKS. 

Thei'e are tbree principal types of picks in use among the miners of 
the Pacific slope, the " surface pick " or ordinary excavating pick ; the 
" drifting" or "quartz pick," and the "poll pick," and a i)ick for coal-min- 
ing. Of each of these forms there are several sizes and different weights, 
there being not less than 31 in all maniifactured by John Wright, of 
San Francisco, who has made many improvements iu the form and 
quality. I have received fi-om him the following table showing the 
weight of eacli size from >Jo. 1 to So. 31. : 
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Ficlis maiitifacturai in Caljfin'iiia, 
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iitt) face ptiJc — Of the suifice pick theie are two differeut stjles tlie 
round eje and tlie flat eye. Tlieflrstis the common roiuul eyed citii 
vating pick, Nos. 1 to 7, weighing from 4 to 7 ponuds, each aucceediiig 
number being half a ponnd heavier than the ijreceding. The 5-pouud 
pick, So. 3, is about the medium and usual alze, and is 27 inches long ; No. 
4 pick is 27^ Indies long ; STo. 5 pick is 28 inches, and so on. The nest 
numbers, from No. 8 to No. 14, are made with flii-teyea, 3 inches by 1 inch, 
while the round eye are 2 inches by 3 incites for the medium size, varj'ing a 
trifle with the size aud weight of the pick. Tlie lengtlis areabout the same 
in both styles of eye. The round-eyed pick ia generally used in surface or 
plac6tmining,audisprobablythemostconvenientaudaei'viceablepickfbr 
that work. The eye being large, it is easy to iit a handle, aud it is less 
liable to break. The eye^ as made by Mr. Wright, being lengthened or 
raised upon the handle from 2J to 3 inches, gives a Arm beating to tlie 
handle, and is a great improvement upon the old style, which merely 
has a lip on each side of the eye. The flat-eyed picks have the same 
advantage ; and they avoid all necessity for strapping the handle. This 
style is preferred fbr sluicing, as they do not spatter the water so much 
as those with the round and thicker eye. The heavier picks of tlieso 
styles are used chiefly in grading and heavy digging in bed-rock. 



The form of the surface pick is indicated by the figure, giving a side 
view of the medium-sized pick, drawn to a scale of one-eighth. 

Drifting or quartz pick, — The Ave numbers, from No. 15 to No, 20, com- 
prise the different weights of the " drifting" or " qnartz pick " made sharp 
at each end. The medium size (No. 17) is 24 inches long with an eye 3 
inches by 1 inch. The form is shown by the wood-cnt. 



Driftiug 01- Quai'ta Pick. 
The weight of tliis form of pick ranges from 3J to ti pounds. The 
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smallest size (So. 15) is used chiefly in contracted, narrow drifts, wliere 
tliere is not much room to swing the tools, and also in working out the 
gouge or selvage from quartz veins. The sizes 16, 17, and 18 are mostly 
used in drifts where there is plenty of room, and iu pulling down rock. 
These picks also have the raised eye, and Eire a great improvement upon 
the old style. The latter are raised at each side, and have a bearing of 
only IJ to IJ inch ; while in this construction the eye is lengthened 
from 3J to 3 inches, and thus gives a firm support to the handle. This 
18 very important tor the drifting picks, since they are much used in 
pryingjandln the ordinary construction the handle is apt to become 
loose. 

ThepoUpick. — The "poll pick" is a favorite form with miners, since 
it combines the long, sharp point for drifting and a hammer-bead for 
striking and breaking the rock or driving gads. It is a pick and ham- 
mer combined. The form, with the raised or socket eye, as manu- 
factnred by Mr. Wright, is shown in the figure. 



The medium size, (No. 23,) weighing 5 pounds, and about 164 inches 
long, is most in use ; but the weight varies from 4 to 7 pounds, some 
miners preferring the largest size. It is a form common In most qnartz 
mines, and especially liked hy (jornishmeu. Such picks are made stout 
and strong. The hammer end or head in the medium size is 3^ inches 
long and the point about 10 inches, the eye being 3 by 1 inches. 

These various styles of picks are made of the best quality of iron and 
steel, and for excellence and beauty of finish are unsurpassed. The 
handles ai-e made of white hickory, are usually 36 inches long for the 
suri'ace picks, and 34 inches for the drifting and poll-picks. 

The poll-pick is evidently made upon the Cornish pattern. In Corn- 
wall the head ia usually about 15 inches long, and the handle from 24 
to 20 inches. It varies in weight according to the ground to be worked ; 
bat 3 or 4 pounds are the most common weights — occasionally 5 pounds, 
For working downwards a lO-ponnd head is often used. The poll-pick 
is the most approved form for working iu vein-mines throughout Oorn- 
wall, Derbyshire, and the north of England. The double-pointed pick 
is mote used in collieries. Those used for under-cutting coal, called the 
" holing pick," have handles from 27 to 30 inches long, and in South 
Wales 34 inches. Picks with handles of unusual length are used in 
England at the Box Tunnel stone quarries, where the stone is soft and 
can be cut like coal, and has to be cut out in great blocks. The handles 
are from five to six feet long. When the men have struclt the blow they 
drop the pick and then di'aw it out. In the extreme west of Cornwall, 
where the lodes are very narrow, only 3 or 4 inches wide, the miners 
use what is known amongthemasa"packer"or "poker," It is nothing 
more than a long wedge, and is common at St. Ives and at St. Just, and 
the peninsula of Land's End, 

Eor purposes of comparison, the following table will be useful. It ia 
compiled partly fi'om the measurement-a of mining tools exhibited in the 
Museum of Practical Geology, attached to the lioyal School of Mines, in 
London, as emimerated in Idie descriptive catalogue of that institution : 
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DneatistdniiokrOTmcb ej e clii! ihir. 
K iHMin 1 um ink i-mt,! ( irr d m i ; blade broadona to a spoonbill 



It is curiouR to notice lioiv greit ire tbe -virntions in this apparently 
trivial tool among difterent nations Yet tlie proper form of a pick is 
not unimportant. It it only affected by a small ftactiou (and it does 
more than that) the amount of woik which a laborer can perforin daily, 
its aggregate impoitance to the eftective daily labor of the \yorld could 
scarcely be estimated m money Our Ameiicin patterua ar^ so excel- 
lent, that tliere is little excnae foi thooe who do not select the' tool beat 
suited to the work 

The Saxon gad leseinbles a long sleiidei hammer. It is funiisbed 
with a narrow rectaugulai eye When m use, it is held by a handle 
inserted into this eje, and is dnven by striking the poll-end, A com- 
mon size is, length ot the iron, 6.2 ; of the ej e, (1.86 ; of the handle, li.O ; 
breadth across the eye, 0.95 ; greatest depth, 0.7 — all in inches. The 
point is formed by a small bluit' pyramid, and the poll-end also eontracta 
suddenly. Weight, 10 ounces. As the Baxon miners are enabled, from 
the fissured chara(;ter of the rock, to make considerable use of these 
g-ads, they carry them under-ground in sets oi' a dozen or flfte(;u, strung 
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ty the eyes upon irou stays, with a joint or yoke in the miildle, so that 
tlie whole insi.y be slimg over the slioulder, the gads being equally dis- 
tribiiteil before and behind. The gad passes over, as it were, by degrees 
into the pick. Thus the fim-niel is a large hammer-like gad, weighing, 
with handle, 3 pounds, 8 ounces, and having a bead 10.2 inches and a. 
handle 12.6 inches long. The small heavy poll-pick, weighing 7 pounds, 
12 ounces, is very similar in form, but has a head 13.5 inches, and a 
handle 19 inches long. The ordinary German gads, and those of Hun- 
gary, are stronger and mors hammer-like than those of Saxony. The 
Hungarian steel gads weigh 13 or 14 ounces, and the common gad 2 
pounds 6 onnces. 

IIAK])-I>Bn.T,S. 

The hand-drills in California ai'e made of Eiiglish octagon steel, gen- 
erally one inch iu diameter for ordinary powder j sometimes, bnt rarely, 
1^ inch ; and the striking hammers weigh from 8 to 10 pounds. For 
the new " giant powder " athree-qnarter-inch drill is nsed, and the sti-iking 
hammers weigh from 3 to 5 pounds. Tlie use of proper copper-tipped 
tamping bars is rai'e, but safety-fuse is universally employed, so that 
the risk in using iron bars is somewhat diminished but is by no meaus 
removed. 

The following pertinent obser^'ations njion blasting and hand-drilling 
are fi-om notes of a lecture by Mr. Warrington Smyth, of the Koyal 
School of Mines, England : 

The iutroduotion of gunpowder liEiB been an immense boon to mining undertaltinffs. 
It not only euables tbe miners to work upon rooks of great hardnesB at on oconomicivliate , 
but it lias led to the enlargement of snch exoavntiona aa drifts and levels, and so placed 
tbe workmen in a better position aa to ventilation, comfort, and keolth. Formerly tbe 
miners, wben cntting the vock, were compelled, by the narrowness of the levels and 
smallneaa of the working places, to inbale filie dust made by themaelvea in piercing 
the rook, and' their lives were snortened in a frigbtfnl degree. Tbe mines, since the 
use of gunpowder, bave hwl to be arranged witb greater regard for ventilation, and tbe 
oylindnoal boles for the gunpowder are now often, while bemg bored, kept full of water, 
and tbe old injury to tbe breathing faculties are for tbe most part avoided. Tbore ore, 
of course, occasions and places where gunpowder could not or ought not to be used. 
Where, for instance, flre-damp is common, and it is necessary to nae safety-lamps, the 
lighting of a faae witli an open match will lie most dangerous. In many oollieriea a 
certain man is employed to nro the shots, whose dnty is to test the plaees beforehand, 
and see that no gases are present in quantities sumoient to take Are ; but, as wo all 
know, accidents do occnr very often, and it is mueh to be desired that the practice 
aboold be greatly restricted, if not clone away witb altoEetber. Another odbc in which 
gunpowder should not bo used is where the seam is mu^ iractured and Sssiired natur- 
ally, BO that a shot would result in so large a proportion of small coal as to make the 
working nnremunerative. Again, its use is inadmissible in qnaiTying marble, or otlmr 
stone, where it is an ohjeet to oMiaiu the roek in large ond perfect masses. Tlic 
methods of employing gunpowder are, to a great extent, the same in principlo iii all 
tlie milling districts of the world. At first in this country, as elsewhere, bo I'iiig ilic, 
holes proved a alow and imperfect work, bnt, nevertbeleaa, it soon came to bo observecl 
that by cutting awny underneath, and then blowing the rock or seam dowa by gun- 
powder, one man bonld do as much as six witb n hammer and gad alone. This, then, at 
starting renders it possible for a mine to be taken up and worked to prokt which 
could not formerly have been done. The hole is bortid. the powder placed in it, either 
loose or in a cartridge, it is then filled up, or " tamped," to the surface, and a fuse hav- 
ing been arranged, it is flred, and the result is thab a portion of the rook is blown down. 
The hole is bored with what is called in different (daces a "jumper," a, " drill," (Fr. 
pistolet,) or an " anser " — a piece of iron with s. sharp steel ending called " a bit," 
which may be shaped ia vaiione forms, and then struck in the hole with considerable 
force and desterity by the workmau, until gradually a sufficient depth is pounded out. 
In moat cases it is struck with a hammer wielded by the borer single-handed, but some- 
times one man holds the jumper, and turns it after every stroke, while two men sta^iko 
alternate blows, and thns greatly accelerate tbe work. The larger angers are usually 
from one aud oue-half inch to two and one-half inches in diameter, and iu Germany 
it has been proved by cspeiimeut smaller bits are not advisable. Tlio maloiUil ol ivliich 
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these borers are icatlo has been a qneBtioii of grent iQinortaiice. About eighteen yciirs 
ago, tlie1j»vof the anger uns almost olwijs inTloof thi, best tihrona iron, the hcid 
hoing of steel, and the Lit oredgeotthe bpst "ilinar sted In IVrliyBlnni hnwc\ei, 
they were acoustomed to nae cist steel nliiMiin I1i llnoi s|i uh Jisn i! tlui. utiirv 
moderate hardness, did\erj well, and hsti li i I i I i iii_li> 

to their sons; a very difierent stite oi t}i i i "i 

auger often -would he w om out m a d n ' "i 

generally for iron ; and that because it is n ii i i i i i in 

on the head, of an auger of cast steel is ti ihmhiiii A >ij hiillIi |iii ti> 

give it a decided advantage over iiou auveib v-ith aUuA biL j i i i ii 

served thatwLen the boiers had woikodfoi some timi, «itl i ii> 

change in the metal was produced, aud thoblim became nmn I 

Since 1S53 steel angers have, hon ever, become general, in sint i Iji I 

cost. lu a case in North Wales, where leryaccuiate actonnt-. i nii1 

that the use of steel borers decreased the cost of woiking m 1 1 1 I l, 

fona of the cntting edge vanea i good deaL Whtii the gionii 1 i i 

ordinary chisel-shaped edge pre^aols In thp Hart? it i^ofh I li lU 

the iKirers have two edges at right audit's nlnli in "iIlmti I i i I n' d 

In all cases, however, the hoiei mnat bp tiini I iii i i n i m ill |n i 

tion of the circle, so that the edge nevni 1 1 1 i i i "W In n tliL 

" bottom of ttie hole is clogged w ith the ili 1 i i i I i i li .li i lilli il 

with water, which washes out a ^od dt il 1 1 i i i l 1 1 tt 

There are many cironmstances undui iih t) jl i i i m [ , |ii l ■lu mi Iioloi ol a 
larger character; and then the angeiu aie uitdi, Uii)(t-i lud Iuh^jli, judthe hominois to 
strike it heavier. Stages die erected la such instances, so that on each stage sevci d 
men may be placed to raise the anger, and thus a dozen men nny JX a word of loiii 
mand all lift aud let go togethoi A jumper of this kiud may w eigh ftom two to three 
hundred- weight. In cates of this kind the spun;, polo inaj be iiseil to advantjigt 
TliiabringH us to the question whether or not niacliiUBiymay be employedfor the pur- 
pose of boring, and Trhether it cannot be done at a less oxpenditui'e of human hibor, 
and more rapidly. 

Among tlie mining tools tbat attracted some atteDtioii at tlie Paris 
Exposition, "was an apparatus for enlarging tlie holes in rock made by 
an ordinary drill, the object being to secure an enlarged space or cham- 
ber at the bottom of the hole for the reception of the powder. The ap- 
paratus is described in fit!! detail in the Exposition Reports ; but as it 
does not appear to be of any practical value, it is not repeated here. It 
is, however, well to mention that, in 1864, a miner from Humboldt 
County, Nevada, made a drill for the same purpose and in a s-imilar 
manner. It was known as Linscott's Patent Chamber Drill, and was 
made, and tested upon granite blocks, at San Francisco. It consisted of 
a bar of steel or iron, about two and a half feet long, witJi movable cut- 
ters, or steel blades, about two inches long, flttetl into recesses, one on 
each side. These, when passed to the bottom of the hole, would fly out 
and cut upon the sides of the hole when the drill-bar was struck upon 
the top with a sledge. In this way, a chamber some three inches in 
diameter could be made at the bottom of an oi-dinary one or two inch hole, 

The various forms of apparatus for drilling by steam-power or com- 
'r are described in another chapter. 



CHAPTEE III, 

EXPLOSIVES. 
" Nothing is more 8uri)iisiiig, considering how early gunpowder was 
invented and used for the purpose of piercing and shattering the bodies 
of men, that so great a length of time should have elapsed before its 
application to the purpose of blasting rocks in mining. The discovery 
of gunpower for warlike purposes took iilace in 1354, but it was not iu- 
ti-oduced into milling until the last century, lu a curious old book, 
published in 1700, entitled 'Familiar Discourse Concerning the Mine 
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Adventure,' whicli, among other things, compares the use of gnnpowder 
as a, newly introduced system of blasting with the old method of wedg- 
ing down the material in mines, its use for mining purposes is sup- 
posed to have heen first proposed at Freiberg, by Marfciu Weigal, in 
1613, but the idea met with little countenance, and it was not til) 1631 
that it began to be generally employed throvighout Saxony, the Hartz, 
and North Germany. The practice was first adopted in England in 
1670, at the Ecton Mines, in North Staftbrdshire, but the blasting at tliat 
time was but a clumsy process, and was used to blow in pieces masses 
of rock which had already been freed from their beds by other agencies, 
We must ntit, however, be led astray by statements in books respecting 
the earlier use of gunpowder in mines, as the older references to 'flriug' 
belong to the still more ancient practice of ' fire-setting,' which dates 
from a very early period, and was, no doubt, employed by the Eomaus."* 

Even so late as the yeiir 1863, ginipowder had not been introduced in 
mining in Japan, and it was iutroduced there for the first time by Mr. 
Pnmpelly and the writer, acting in tlie capacity of mining engineers to 
, the Japanese government. Up to that time the miners of Nipon and 
Tesso had cut their way tlirougli the rocks by means of the pick and 
gad, aided sometimes by fire, and they were very greatly astonished 
when they saw the hard rock at the end of a drift, abandoned by them 
because it was too hard to cut, thrown down by meaus of a few ounces 
of powder. 

The consumption of powder for mining imrposes upon the Pacific 
Ooast and in oiir mining Territories has always been large. A part of 
this is of course used in the construction of roads and grading for rail- 
ways, but of late the consumption for brejiking up the hard cemented 
conglomerates of the deep placer deposits has gi'eatly increased. For 
this purpose very heavy charges are employed. Tunnels are driven in- 
wards for 4fl to 70 feet from the face of the bank, and cross-tunnels run 
for 100 feeteach way, so that the excavation has tlie form of the letter 
T. A charge of from 100 to 500 kegs of powder is placed in the cross- 
tunnel, and tbe whole is simultaneously ignited by electricity. The 
effect is to lift the whole deposits, and to shatter and loosen it to such a 
degree that the rest of the disintegration is readily effected by water. 

Two companies, with adequate capital, are organized for the manufac- 
ture of powder in. California. The demand for powder for those regions 
which usually draw their supply from California, is reported to con- 
siderably exceed 200,000 kegs annually. 

The works of the California Powder Company are the only ones now 
in ojieration. At the mills of this company, situated at Santa Cruz, 
there were manufactured as stated in the following table; 
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Besides the aliove there has been some powder made at the Maria 
Mills, probably not exceeding 30,000 kegs of Wasting powder, in the years 
1867 and 1868. With the facilities now possessed by the California 
Company, they can turn out 640 kegs of powder daily. The kegs con- 
tain 25 pounds each. 

The materials for makiug powder are abundant and accessible in Cal- 
ifornia, with the exception of niter, which is to a gi'eat extent replaced 
by nitrate of soda from Peru. The peculiar dryness of the air in Cal- ■ 
ifornia for the greater part of the year permits this more deliquescent 
salt to be suecesafidly used ; and, with proper precautions in the manu- 
factore, it makes excellent powder. The capacity of the two mills is 
over 1,000 kegs of powder daily. A recent modiilcation of the manu- 
facture promises important results. Glycerine is added to the grains in 
some way not yet made known, and it is said to greatly increase the 
strength. 

Works for the manufacture of safety-fuse have recently been erected 
in San l'"ranei8co, so that the miners can now obtain an article superior 
to that which is imported. 

Notwithstanding the familiarity which all who use powder must gain 
with the many causes of accident, it is extraordinai'y that there shonld 
continue to be so much carelessness and recklessness in its use. One 
of the British mining inspectors says that in blasting an iron instead 
of a wooden or copper rammer is still too often nsed in getting the 
wadding and flrst part of the stemming Mrly bedded upon the powder, 
and shots which have missed fire are still drawn, although experience 
shows that, even with water in the hole, the driU goes in advance and 
flres the powder. Accidents are also frequently caused by driving the 
pricker down into the powder. 

The mineral statistics of Victoria, Australia, give exact returns of 
the quantities of gunpowder issued at each of the mining districts where 
there are magazines. In the year 1867 the quantity in stock, at the 
commencement of the year, in all the districts was 71 tons 16 hundred- 
weight; the quantity issued during the year, 196 tons 13 hundred- 
weight ; the quantity received during the year, 180 tons 13 hundred- 
weight ; and the quantity in stock at the end of the year, 01 tons 15 
hundred -weight. In many parts of the colony, however, there are no 
magazines, and great quiintities of blasting powder arc used there, of 
which there is no accurate return. 

NEW EXPLOSIVE COMPOUNDS. 

Ill introducing the subject of the new explosive compounds, which are 
now attracting much attention from engineers and miners, I cannot do 
better than to cite from the authority mentioned at the commencement 
of this chapter: 

Of all exploaivea used tor blasting powder ia tbe roost largely used, and continues to 
1)0 the most popular. It has been, however, proposed, and tliat niauy years ago, to 
mingle with it various snbstanoes, and it lias been tolerably well made out oa the Cou- 
tiuent tbat tlie efFecta of powder have not beea deteriorated by a moderate proportion 
of sawdnst being mingled with it. Within compaiatiTely a very few years propositions 
liave been made to completely change onr esploaive agents — as, for instance, by gnn- 
cotton, which seemed to be peoaliar& adapted for hlastmg pm^oses. It ia dimcnlt to 
enter upon the comparative merits of different elates of explosives on account of the 
great jealousies which are indulged in respecting them. This is the case even with 
powder, every separate manufaoture of which liaa its advocates. Gun-cotton has, how- 
over, be6n most snceessfiilly employed in many places, among which may he mentioned 
the important quarries of the Austrian government up tie Danube. In England an im- 
provement in its manufacture was made some time ago, by which it ia produced in the 
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form of a rope, and can tbiis lis out off into eouveiiient lengtha. By thenawormotlLotl, 
juaunfecfrmed. on a coneiderablo Boale by Meesre. Prentic*, of Stowmarket, it is made 
into a pulp, and. theit compresaed so as to take tip less space. ISut even in its rope form 
gnu-cotton lias an advantage over gunpowder, as, taking weight for weight, it will do 
live or sis times the work of gunpowder. Besides this, sis ounces of powiler will oc- 
cupy eight uiehes of a hore-hole of given diameter, while one ounce of gnii-cottou, 
■which kas the same explosive power, will take up only five and a half inches. Then, 
gun-cotton makes little or no smoke, allihougk the small vapor it leaves is (lelctorions, 
:f it may he Judged hy the sensation of headache and dimness of eyes, which it produces. 
Another important explosire is nitco-glyoerine. A year or two i^o I might have said a 
good deal as to its coming into play wiUi advantage, and its general adoption in. this 
country, particularly in jfortli Wales, whercit was uinoh used. Indeed, in some mines 
and qnarries, when it was left optional witli the men (whoforthemost part are a care- 
ful race, and to be trusted in Bach matters) to use either gunpowder, uitro-glycerine, or 
gan-ootton, a considerable proportion preferred nitro-glycenue. They not only toiiud 
that its explosive force was tremendoualj; greater, hut tkat it was more convenient. 
Thus, when the bore-hole was completed it had only to be filled full of water, and the 
idtro-glyoeniie poured in. Dy its greater specific gravity the latter sinks to the bottom, 
and then the introduction of the fuse, in connection with a copper cap at the bottom, 
was attended with no difficulty or danger, and the results of the explosions were ten- 
fold. Unfortunately, the oarelessiless of those who had charge of nitro-glyeerine gave 
rise to fearful accidents last summer, and in a sudden panic, as it seems, an act of Par- 
liament was jpassed, which has practically mode its use peuid. It is true those who 
want to use it are aUowed to make it on the spot, bnt every one knows that that per- 
mission is of little value, since its mannftictnre requires a good knowle^e of chemistry. 
Slining a;gentB and managers, therefore, very naturally get rid of the difficulty by giving 
up its use, and for the present, therefore, in this country it may be said to be tabooed. 
If, however, the risk attendant upon its conveyance can be got over, it scorns a great 
pity to shut out from mining operations a blasting agent of such enormous power and 
utilitj'. It has, therefore, been prepared in the form of a poivder, called " dynamite," 
the invention of M, Nobel, of Hamburg. 

Before giving a description of this new material, now lai'gely iisetl 
upon the Pacific coast, the nature and properties of iiitro-glyceriue will 
be briefly noticed. 

NITEO-GLyOBBIKE. 

Sitro- glycerine was discovered la 1847 by M. Sobrero in tlie labora- 
tory of Professor Pelouze; but public attention was not directed to it as 
an explosive until the labors of M. Jfobel, a Swedish mining engineer, 
were made known. 

This liquid is obtained by the aetion of concentrated nitric acid, or of 
a mixture of nitric acid of 40° strength and sidphuric acid of 66°, upon 
glycerine. It is formed like pyroxyline, and is, in fiict, a trinitrate of 
glvceriue : the reaction being represented by : 

C« H« O" + 3 JfO' HO = G" H= O' 3 NO* + 6 HO. 

It is a yellow liquid, resembling olive oil, without odor, and possess- 
ing a sweet, slightly fi^graat taste. Taken into the stomach or absorbed 
■ through the skin, as of the hands, it is poisonous, and it-s vapors give 
violent headacheB. It is soluble in alcohol and ether, bnt not in water. 

It can be heated up to 212° Fahrenheit without decomposition ; but 
at about 360o it detonates with extraordinary violence. It detonates 
when struck by a hammer on a hard surface or even upon wood, and 
the mere opening of a wooden box in which tin cans of the oil were 
packed has been known to explode it. 

Pure nitro-glycerine does not appear to be liable to explode sponta^ 
neoitsly, but if impnre and acid it changes into a mixture of oxalic acid 
and glycerine, and may explode. 

Of gunpowder, according to theory, only 50 i>er cent, is converted into 
gas, one volume giving 260 volumes of cold gas, deduction being made for 
the expansion produced by heat. Practically, however, the combustion 
is never so complete, a;ud 200 volumes of the cold gas are, therefore, in 
all probability, above the average result. 
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In tiie combustion ov explosion of nitro-glycei-ine seventeen equiva- 
lents of oxygen ont of the eighteen are absorbed by combining with the 
carbon and hydrogen, thus leaving' one equivalent of oxygen free. Eacli 
one hundred parts of the oil wlien exjiloded pi'oduce by weight: 

Water - - 20.0 parts. 

Carbonic add 58.0 parte. 

Oxygen - .'5.5 parts. 

Nitrogen - - - ' 18.5 parts. 

IIIO.I) 
And, its the wpecitie u-oiglit of tht' bhistiug oil i.s 1.0, oiie volnnio pro- 
duces : 

Steam - Twi viihimos. 

Carbonic acid - ■!<>!' vohiiiieH. 

Oxygen gas 3'-' volumes. 

Nitrogen gas . - - i!30 volumes. 

A total of 1, 298 volumes 

It is assumed that the heat genei-ated by the explosion of nitro- glycerine 
isatleaattwiee that generated by gunpowder; consequently, if a volume 
' of powder gives 200 volumes of cold gas, expanded by heat four times 
= 800 ; a volume of nitro-glycerine gives 1,300 volumes of cold gas, ex- 
panded by heat eight times, producing 10,400 volumes ; so that nitro- 
glycerine possesses about tMrteen times the jKiwec of, gunpowder when 
volumes are compared, and eight times its power for equal weights, the 
specific gravity of powder being taken at 1.0. 

It is claimed by the agents for the article in San Francisco that one 
pound of the blasting-oil will produce effects equal to ten pounds of gun- 
powder. The first requires but one bore hole, whereas tbr the powder 
about ten holes of the same dimensions will be required. 

But the sad experience with this dreadful explosive has been sucb as 
to prevent its general introduction in mining. Oalifornians will never 
forget the destruction of life and property which a single box of it 
wrought iu an instant at the ofBce of Wells, Fargo, & Company in 
San Francisco. This, and the destruction of a vessel at Aspinwall, and 
several other dreadful accidents in various parts of the world, have been 
a practical refutation of the theories of the comparative safety and 
harmlessness of the oil iinder ordinary circumstances of storage and 
transportation. Theseaccidents, showingtheimpossibilityofcouti-olling 
this agent of such wonderful power, led to the introduction of a modifica- 
tion of it in the mixture ]iow known as dj/immite, or "giant ]>owder," 

CtlANT POWDEE OE DYNAMITE. 

The invention of this compound dates from 1867, and it has been in 
use for nearly two years at some of the mines upon the Pacific coast. 
It is formed by mingling nitro- glycerine with infusorial earth, and it re- 
sembles moist sawdust in appearance. A <;ompany has been organized 
foritsmannfacturein SanFi-ancisco, and thecousnmption of it is steadily 



Ttxe foUowiug descriptions of the powder, its proi>erties, and the 
methods of using it have been supplied to me by the general agents for 
the Pacific coast, Messrs. Bandmann, Ifielsen & Co., of San Francisco: 

Gertei'/il properties. — It is au nugrained powder, of a grayish brown color, with a 
Bpeciiio gravity of about 1 ; insoluble in water, and not aifeot«d by time or expoanre 
to air or moisture. It congeals at about forty-two (legrees Fahrenheit. It sr~" " 
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produces a temporary lieartaclie ivhen taken into the nioutli or stomach. The same 
effect also follows its continued liaudling. lu tho oi)en air, or in ordinary packing, it 
burns -without exploding. Its combustion protlnoes carbonic acid, oxide of carbon, 
kyponitrouB acid, and water. 

Theroare three, and only three, methods of erylodiag it: let. By a violent explosion 
either in it or into it. 2d. By couflniOR it in a Tery strong, and tight vessel, »nd set- 
ting it on fire, or heating the vessel sufficiently. 3d. By a percussive shoot so intonae 
aa to prodnce heat and violence eqnivalont to an esLplosion. Unlike gnnpowder, its 
explosion is instantaneous — the entire inaaa of powder explodes as if it were a single 
grain. This quality, in eonneetion with its extraordinary evolution of gases, causes 
its explosive eneot to be especially creat iu solid substauces, so much so wa,t the pow- 
der cannot be used in ordnance or fire-arms, the gun. being blon-n. to pieces instead of 
being discharged. Its explosion produces carbonic aoid, iiitrogeu, osygen, and water. 
PacMvg, Iranapoilatiaa, and aloraije.-— The powder may he packed^ atored, and con- 
veyed in all the ordinary ways. The fact that the powder is explosive, naturally sna- 
gests the idea that it is dangerons; bnt it is in reality no more so than, com meal. 
Practically, it cannot be exploded by accident. It reqniies design and carofaJ prepara- 
tion to explode it. The only practical caution neoeeaary is to keep other explosives 
away firom it. Fire alone will not explode it, nor heat in any form — they will bum it 
to aslies, like saltpetre paper, withont exploding it. Ifor will any amount of mere 
weight upon it, or simple pressure of any kind, ex[>lode it. It cannot be e2:ploded by 
any of iSie ordinary movements, accidents, or incidents which attend its handling, 
transportation, or use. The pressing it into cartridges, or ramming it into bore-holes 
with a wooden rod, however hard, throwing it about, or Jostling it in transportation, 
or even the crushing or violence of ovcrturumg wagons, collisions of cars, or explosions 
of boilers, will never explode it. But heat and pressure combined will explode it, 
provided they are of the proper kind and degree. It is exploded by aiiy violent explo- 
sion either in it or into it, whether of gnnpowder, fulminate, nitro-glyceiine, giant 
powder, or other violent explosive. Sneh an esmlosion involves the peculiar peronssivo 
pressure and heat necessary. Tlie burning or flashing of gunpowder uuconfined is not 
snffleient. 

Another method of exploding it is to set it on fire while nnder confinement in. some 
tight and strong vessel. The burning of the powder prodnces gases which, finding no 
escape, at length cause a preasnre so great as to produce, with the heat of the baming, 
an explosion of the unburncd powder. By tight and strong vessels is meant iron 
retorts, qnicksilver flasks, gas-pipe, with caps screwed to its ends, and the like. A 
vessel 01 the strongest tin has not the requisite strength; this, like cartridges of pa^or, 
ordinary packing-boxes, barrels, casks, &e., will be hnrst asunder by the gases beiore 
tlie pressure issulBcient to canse explosion. These are the only known means of caus- 
ing an explosion proper, but a partial explosion can beprodnceabyoaoaingaverythin 
layer of powder to be struck witli great force betweeit hard and smootli surfaces, as, 
for example, striking a minute quantity with a hammer on an anvU, or driving an 
iron, ping upon It in a hole drilled in the iron. In these cases, a slight explosion and 
detonation fellow, but not of snfleient fiwje to explode any part of the powder present, 
except the Jew particles In immediate oontaot with the impinging surfaces. 

■ Uteuaile for iltuHiip. — Except in special cases, it is bettOT to use the powder in tho 
form of cartridges. It is more economical in both time and powder, and the explosion 
is more certain. Cartridges of various sizes are ijrepared and sold by the comxKiny. 
Should others make them, let it be done with strong material, well glued or pasted 
together, and let the powder be very firmly pressed into them. Cartridges may be 
cut into such lengths as may be required, care being taken to prevent the loss of pow- 
der by rolling the sections in additional paper, or otherwise. Ordinary blasting fuse 
may be used, but to make sure of a discharge in all cases, and to keep the powder firom 
being burned by fire feom a leaky fuse the best gutta peroha fuse is recommended, and 
of a size to fit the caps precisely. Caps mannfaoturedror tiie special purpose of explo- 
ding giant powder are furnished by the company. Common percussion caps cannot bo 
used. As these special caps are more heavily charged with fulminate than ordinary 
.ones, corresponding care should be taken in laieir handling and use. A pair of cutting 
nippers, with their edges blunted, used in securing the cajis tightly and firmly to the 
fuse. A tube with a funnel mouth wiU be usefiilin charging with loose powder. Tin 
tubing in sections may be useful in guiding cartridges into submarine bores. 

T>.>,i.T.. .1 _ _.. .. J , "iggj^jQgjgj. jyj^ ^apfjjof hoiga^and wheretlieyshould 
„ .houlii take, and also as to the quantity of powder to 
be need, and many other matters, no definite or arbitrary rules can be laid down for 
blaeting with any explosive. In these ^ngs there must be variation according to the 
location, character of the materi^ to be busted, the purpose of the blast, and other 
circumstances too unmerous and complicated to anticipate. Much must, therefore, 
be left to the good sense and experience of the blaster. The following observations 
and examples will afford some assistance to a beginner ; 
As a general rule, the driH holca andoliargoa ffir giant p on' der can be, and should be. 
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uomparatively small. Espetieiioo lias proven that J iuoli octagou atoel ivitli SJ puund 
liammers, used \ij single hand drillerB, are best adapted to use tlie powder to tlie 
greatest advonts^. Holes one indi in diameter are abundantly large for all ordinary 
ll«avy -work; for liglit work, correHpondin^ly smaller ones aliould be made. A small 
quantity in a deep bole, ivbetlier the bole is large or small ; also, a, small quautjtj- in 
alargeholfe whetlier tbe bole be deep orsliallow; also a large qnantit y in a small bat 
deepTiole ; ^dso, a> large qoftntity in a lai^e bnt sWlow bole, are all examples of uiiBap- 
plications ; they are all violations of the general rule applioalile to all explosives— that 
the quantity of powder ebould not only be proportionate to the resistance, bnt the ]io!e 
Bhonld be proportionate to the powder. 

Aa by reason of its qniciness giaut powder in bore holes is nearly as effectual witli- 
out tamping as with it, it can be exploded with great advant^e without any tamping 
at all in natural fissures and artifloioJ cracks. It is therefore ni-ged that a<lvautage be 
taken of this eslraordtnary quality as often as prajitieable. 

Owing to the great difference in the capacity between the old and now powder, the 
tendency will be to overcharge ; it is therefore recommended that each blaster experi- 
ment on this point, so fei, at least, as to ascertain tlie minimum quantity of powder 
wliioli wUl answer his particular purpose. 

Examples. — A solid cast-iron ball, seven inches in diameter, charged with half an 
ounce of giant powder, in a three-quarter incli bole, three inches deep, without tamp- 
ing, will be blown into small fragments. The same result will follow the explosion of 
three-qnarters of an onnoe at the center of a wrought iron anvil. A sis foot onhe of 
solid granite charged with an ounce of giant powder in a three quarter inch hole, nine 
inches deep, will be cr.icked into several pieces. Boulders three or four feet in diame- 
ter, and particularly flat ones, cau be cracked in pieces by exploding an ounce or two 
of powder on their snrfaoea. An ordinaCT rifle will be blown to pieces by a charge of 
giant powder of one-half of the weight of an ordinary chawe of gunpowder. A charge 
of from one to two pounds of powder in an inch bole from hve to ten feet deep, placed 
ten or fifteen feet back from Uie face of tbe wall, in hard rock, wiU crack off or shatter 
the whole intervening raaaa. 

Charging. — The charge in the form of cartridges must fit and fill the bottom of the 
bore, and be packed sond. This is an essential pi'Crequisite to an effective blast. The 
beet way to seoure it ia this ; Take a, cartridge, aa near as possible, of the same size of 
the bore, and cut it int^ aeotious from one to two inches long. With a hard wood ram- 
mer, ae long as will mu freely in the hole, press these sections into the bore hole one 
by one with suffleient force until each section is driven to the bottom and expaaded 
laterally, so as to fill the hole solidly in every direction. 

Any sized cartridge may be used, provided it is tlins put in. MetaUic rammers must 
not be naed. In wet holes the sections of cartridge should be rolled in additional 
paper, and the ends closed to prevent the powder feom. getting mixed with water. In 
manymineathe giaut powder is used (oose in downwaS holes. Itis ponred through 
the ninueled tube into the drill hole. Economy requires tliat tbe tube sliould reach 
to near the bottom of the bole. The charge should be rammed down in divisions, suh- 
stantialJy as directed as to cartridges. 

Priming. — After charging the bore, out off a proper length of fiise and insert its end 
into one of tlie special caps up to the fiilminate. If tlie fuse is too large for the cap 
pare it to a fit : if too amall, wTap it with paper. But the difference between the size 
of the fuse and the caps should be very sliglit. Then place the edge of the nippers 
across the cap near its edge, and indent it flrmly into tlie fuse. Never do this with the 
teeth. Sow cut off about one iucb.of the smallest sized cartridge, and roll it in ad- 
ditional paper, aud insert the cap with the fuse attached into the powder about the , 
length of the cap, and press the powder firmly about the cap. Then close the necit of 
the cartridge about the fuse, and fasten it there by a strong string, or some other means, 
in such a manner as to prevent the cap ftom being withdrawn from the powder. To 
make sure that tlie cap aud cartridge do not get apart, it is better, in fdl cases, not 
only to tie the cord about the neck, but also to tie the ends afterwards around the 
naked fuse close to the month of the cartridge. This is called the primer. 

Thus prepared, place the primer in the drill hole, aud press it with the hand or ai 
wooden rod into contact with the charge. 

In using loose powder, if it is within reach of the hand, instead of using a priiner a 
capped fuse can be used to explode it, taking care to press the powder around the cap, 
aud secure the fuse in place by putting a stone upon it, or otherwise. 

Taming. — After priming, fill the bore hole with water whenever it can be done, and 
when it cannot, blast without tamping. 

Considering the slight advantage of any other than water tamping, the time takeu 
to apply it, the danger of disturbing or exploding the cap, and the inconvenience of re-^ 
priming in case of miss-fire, itis better not to nae it. 

Mcploaloa of hlests. — The burning of the fuse explodes the cap ; the explosion of the 
cap explodes the primer or charge in which the cap may be. All the other cartridges, 
or charges in the same hole nre exploded by the first explosion of powder, 
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In ease tlie Iilast uiiBses fire, put ia another primer. 

A Bpaee of several indiea, eitlier vaeont or filled, betwoeu several charges or eartriilgos 
in tho aame bole, will not prevent tlia simultftueous esplosiou of all. In case the Wast 
is not eftaetive, it will be beoanse our flirectiona have not been followetl, or because tho 
blaster has erred in some matter left to his discretion, Tbs most common, causes of 
failnro are deficiency of powder and defective ramming. 

It may be stated Cere that the great advantage claimed for this powder consists not 
so much in diminisUing the cost of powder as an item of eiyenee as in dimiuishing tho 
cost of using it. The differenoe in tie cost of powder is imfiing iu compaijson witli tliu 
difference in the cost of drilling, charging, tamping, convenience in. wet work, anil 
effeotiveness of blasts. Giant powder, as a general mle, throws rock less and breakw 
it more, and extends its effects mnch deeper than ordinary bloating powder ; and tliose 
wbo use it soon learn not to jndge of a blaat by first appearanocs. It freiiuently hap- 
pens that a blast which seems to have liad no effect proves to have done remarkable 
executjon in Clacking and loosenlog the rock, and preparing the way foi: 6ubsec[uent 
blasts. This is especially the case iu tnnnels and shafts. 

BlatliTtg under tualer. — Cartridges to be nsed in water shonld be made of such paper 
as win not be destroyed or materially weakened by the water. ■ Tbey should also be 
weighted iwith sand in their bottoms, or in some other way, so as to sink. To use sncli 
3B are not thua weiffhted, in water, they mnst be forced to their places, aaid fasteneil 
there by pouring saiul upon them or otherwise. In submarine work, whore the bore is 
at a considerable distance below the surface of the water, the tubing, iu sections, can 
be used to guide the weighted cartridge to its place. 

If submerged rocks liave to be removed, all that is required ia to take a large or small 
box of giant powder, in bnik, as the case may be ; bore with a gimlet abole into tlie box ; 
fasten, as before mentioned, the cap well to the flise, and puab the cap through the hole 
its longtli into the powder, never ftirther ; tfehten the gimlet hole with some grease or 



length to allow the box time t-o reach the roek when aunk, and drop the same on the 
vocK to be blasted. Some use special submarine Jtibc, which withstands tho pressure 
of the water to any depth. In this way the entrance to the great San Francisco dr^ 
dock has been cleared troni rocks, under the superintendence of the late efficient engi- 
neer, Mr. Pollock, As much as one hundred and twenty poundsof blackpowder at one 
blast were lowered, more than once, on a certain rock near or in front of tho dry dock 
and exploded, and nothing was effected but throwing up a beautifiil column of water. 
Mr. FoUock sunk on the samorock a box with ten pounds of giant iwwder, and tlteflrat 
blast shattered the rock to pieces. BLx-pound boxes were then used, Mr. FoHook fear- 
ing the enormous ettfect of Jirger blasts might injoro the dry dock proper ; even those 
blasts proved too powerful, and at last only two-pound boxes were nsed, which success- 
fully removed ail the rocks. 

Temperature. — Below 43 degrees Fahrenheit giant powder freezes, and above 312 
degrees (the boOing point of water) it throws off noxious fumes, and becomes weak- 
ened and finally destroyed. It should, therefore, be kept in some plooe having a toin- 
peraturo between these extremes. When ftozen, it can be thawed by beiug kept for :\i 
time iu this proper temperature. Whenit becomes soft to the touch it ia ready for use. 
. As it &e«ies very slowly, no inconvenient haste is required in its application. If the 
powder in boxes or cartridges has fl^ni accidental causes become wet, if dried again 
slowly it« iiseHilness is not impaired. 

J!^cct of the giant powdei- oit the fteajt/t.— -Some miners suffered from beadaclio when this 
powder first came into use; but tliis was caused by the impossibility of procuring tho 
raw material at the beginning of tlie business in a pure state. Tliis haa long ago been 
obviated, and since that time we hear of no complaints of beadacbo, except produced 
by some of the following causes. We have numerous affidavits from miners that it 
never affeoted them, and that they never suffered any lieadaclie Arom its use. The 
causes which, can produce a temporary headache are the following : Either from 
handUng the powdei* too mnch, tastiua; it and rubbing it between tlie fingers, and 
afterward unoonsoiously rubbiuc the face with the hands, when not used to it, or 
fi'om going immediately after a Mast into a badly ventilated tunnel or shaft, which is 
invariably done by new consumers, to aee the elfeot produced by thia new blasting 
agent. Tho enormous power of the giant powder in its explosion drives away for a 
short while tlie little good air which is at the end of a tunnel ; the space is then par- 
tially filled with gases. In onaethe charge is not entirely exploded, but part o£ it burnt, 
this burning of the powder createa tJie noxious fumes which cause headache ; or the 
fumes are caused by improperly secnring the cap to the fuse, and the cap aud fuse to 
the primary cartridge. It is of very great importance that this sbonld be done prop- 
erly. Those who are familiar with its use never experience any inconvenience &om its 
use wlien tho whole oliarge is properly exploded. A little quicklime placed near the 
3ioIe to be bloated, or some ammonia placed in a vessel near the blast, will absorb these 
■gases in a few minutes. If men not accustomeil to thia powder will stay out of the 
shafts or tnnnela wliiob are badly ventilated, after tlie blast is explortcil, nnly one-lialf 
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of tile time tboy tlo after lilaok-powdeL' explosions dnring tbe first few days, no ooni- 
plainta of headaches would ever ariao. It may not be geiieriilly known, but it is never- 
theless a fact, tliat if blaok powder produced no smoke, (which forces men. to stay out 
a certain time,} and they ehonld go in imm.ediately after a, blast, they would experience 
the same headache. This ia sufleiently proyed b>; persona of science. The gases lib- 
erated by esrpioding giant powder are carbonic acid gaa, oxygen, nitrogen, and steam, 
and those tcom j;[nnpowder are the same ; but gunpowder, iu addition, has carbonic 

Pipe-olay hank blasting. — It has so fiir been a very expensive operation for the miners 
to break up pipe-clay and cement banks to enable them to extract the gold by sluicing. 
Long tunnels had to be ran, with a X at the end, in which were placed from fifty to 
one thouBELnd kegs of common powder ; the tunnel was then filled np again and the 
blast fired. The oank was always thrown over in large pieoea of clay or cement, which 
were afterwards broken to pieces by pioka and gads, md often with amaJl blastfi— a very 
laborioiia and expensive proceeding. Keoentlj;, in. this kind of work, giant jrawder has 
been introduced, which overcomes all difflculttes, and shows itself so &i superior to the 
old process, and saves so enormously in cost, that it cannot fail to he speedily intro- 
dnced in all hank blasting work. In a bank of pit>e-clfty about aevenly^ feet high a 
hole sis inches in diameter was bored horizontally, with an anger, twenty-six feet deep 
and B. few feet above the ground. Into this hole one hundred pounds of giant powder, 
in oajliridgeB six inches iu diameter, was introduced and well rammed, and the blast 
fired. The result was surprisingly successful. The blast did not throw the bank over 
into enormous piecra t<i be broken up again, as ia always the case where black powder 
is used; but the Wast crushed and crumbled the entire bank, seventy-five feet on each 
side of the blast, in sudi a manner that when the water is tamed on it can all he 
washed down without additional work. 

Use ill rdn mMng. — Th.& giant powder has been in use for nearly two 
years at the Oates and Eeese mine, in Hunter's Valley, near the Mari- 
posa Estate. A letter fixim there, January, 1869, is as follows : 

We have used tlie powder entirely since last April. In its use the steel consumed is 
of uniform size — three-quarter inch octagon. Hammers (short handles) weighing three 
and a haif pounda. The country rook ia hard and tenacious. The veins o( quartz are 
narrow, varying from ten inches to three feet, gonernlly running from one foot to twenty 
inches in widt^ with little or no gouge. ' . 

The system which Mr. Cassel, superintendent of the mine, has inliroduoed, (and 
which can only be used to advantage with giant powder,) is to pay the miners by the 
foot in depth of hole drilled— the miner doing no blasting, nor does he handle any rodt, 
his simple duty being to drill holes where instructed. 

The underground saperintendent or head blaster — one for each shift — instmcts tlie 
miner where to drill a liole. When the hole is drilled t<i the depth required the miper- 
int-endent measures it and takes a memorandum of the same, and seta the miner at 
work elsewhere. Aa soon as the hole ia measured the blaster loads it with from two to 
two and a half ounces of loose powder, fills the hole with water, covers it, and leaves 
it until the men leave it at time of shift. As soon as the men have left the mine, the 
blaster with Ms fuses, with cap or exploder attached, makes his roand, and, removing 
the eover &om the hole, drops the fuse into the hole, works the exploder into the pow- 
der, which is quite soft, fires the fuse, and in a few minutes wUl explode all the holes 
drilled during the working shift. , As soon as the explosions are made the rock men 
and skip men clear away the debris which may he in the way of drilling new holes, 
and when the men i^ain come into the miue there ia work for them ahead in drilling. 
A blast is only fired when the men are at work on the miue when it becomes necessary 
to remove material. Thus it will be seen no time ia lost in blasting. 

My e^erience since April last leads me to know the following facts in the nse of 
giant powder as against gunpowder : 

First. The amount of work which can be performed in a given space in a mijie is 
nearly double. 

Second. The consumption of steel is about one-half. 

Third. The consumption of hammers is about one-half. 

Fonrth. The consumption of candles is about one-half. 

Fifth. The width of the drifts or stopes is only about one-half, requiring so much less 
material to be removed or hoisted from the mine. 

Sixth. The mining timbers are shorter. 

Seventh. The ore raised from the mine is broken by the force of the powder so as to 
require leas apalling for the mUl. 

Eighth. The progress of the work in the mine ia expedited at least forty per cent., 
and in wet mines the progress is increased fully fifty per cent., if not more. 

So far .IS the miner is concerned, ho can cam more money with athrcu-quarter-inch 
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at«el aud email hauuner, than in ouy other way. It is true lie must earn liia nione;, 
and ia Bot paid by the d*y. The piioe paid in the Oakea &, Eeeae mine is 37-J cents 
pev foot of hole drilled. In Octolier, there waa drilled 6,476§ feet of hole, costing 
$2,429 03. The following list ■will eshihit the amonnta earned by miners moat expert 
in the nae of slngle-liammer drill* in Octoiier, twenty-seven working days. 

•14 62 
90 70 ■ 



P Beicai 
L Boi-i lU 
J A Wilion 
B Kendall 



lanso 


H Laity 


134 33 


F Gill 


131 77 


t Lastia^le 


103 77 




122 25 


H Boyle 






104 5U 


L Bdttiola 



04 5() 
11 77 
90 i'l 
84 95 

and many others langmg below the aliove imouutSi falbng shoit mHipi Uicanae nut 
working full tune, or from not being expert m use of the single hammer, fetill, any 
system of mining where a miner willing to work can earn as high as $131 77 permontU 
of twenty-seven ■working daye, must inure ■to the benefit of the miner, and pwiiieularly 
so when the mine owner ia wilUng to pay auch wages. One thing is certain, that with 
giant powder and the use of small steel and. hammers, the miner must earn his money, 
and caniLOt shirk b.is work, as is too oftea the case nnder the old system of mining. 

Mr. L. L. Eobinson, the president of the Giant Powder Company, 
■writes under date of January 25, 1869, to tUe Mining and Scientific 
Press, as follows : 
iBss: No 

le of giant powderintheOakes &R , . . . „ „ 

and myaelf, I beg to state that during the past week our superintendent, Mr. ( 
has let ■the following contracts for work on the mine r 

1. Sinking the main shaft SOfeet from the 278-foot level, at $60 per foot — contracting 
parties furnishing everything. 

2. Drift west, on Oakes &Beeae vein, 50 feet, at $13per foot— contractors furniahing 
everything. 

3. Drift south, 50 feet, at $10 75 per foot. 

The same work has heretofore cost us, ■irith the use of blaclt powder, as follows : 

1. Sinking main shaft, |i90 per foot, 

2. Drift west, Oftkes & Eeeae vein, $30 per foot. 

3. Drift BOnth, blue lead, $25 per foot. 

Thus it wiU be seen that in these three contracts tlie mine owners save aa follows : 

1. Sinking 50-foot shaft, at $30 - $1,500 00 

2. West drift, 30 feet, at $17 850 00 

3. South drift, 50 feet, at $14 25--- 712 SO 



In addition to the saving in dollars aud cents, is also the impoi-taut item of savingin 
time, as the time occupied in flmsliiag contracts with giant powder is only ahout one- 
half the time regnu'ed ■with use of ordinary powder. 

The contractors, even at these low rates, are better satislied with the prices than 
under the old prices with the common powder. ■■ 

Giant <p(ni}der for railToadwork. — The Central Pacific Railroad Company, In running 
their long " Summit Tunnel," commenced the use of nitro-glyoerine, anil foand it ao 
very effective and advantageons that tUey were enabled to complete the tunnel in over 
one year less time than if ordinary powder had been used. 

How much this saving of rime of over one year has been worth to the Central Pacific 
r^Iioad can hardly be estimated. It is well known that giant powder x>ossesses about 
the same strength as nitro-glycerine, without any of its dangerous qualities. At the 
time the above work was done, giant powder had not been invented, otherwise it would 
undoubtedly have teen preferred to nitro-g^cerine. The Western Pacific Eailvoad 
Company, the Oregon Railroad Company, aad the Virginia and Truokee Railroad Com- 
pnny have used, and are using, thegiant powder. 

In conclusion, Messrs. Bandmann, Melsen & Co., give the annexed 
recapitulation of the chief advantages attending the use of the giant 
powder ; 

1. A great economy iu labor for boring. 

2. The rapidity of blasting operations, wiiicli is of vital importauee, especially for 
mines and railway tunnels, can be made with giaut powder in one-half the time, or 
less, thai) with black powder. 
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3. Perfect safety in carr jing, storing, and liandling it. 

4. A complete eonibijstion, uliioli leaves no Brooke ornoxious gases. 

5. Theqiiickiiesaof explosion is 80 great thatflssuredroctsaiicl clay areeasilybliisted 

6. Great saving in wear and tear of tools, and. in cousuinption of steel and fuse, fewer 
l)ore-]ioles being needed. 

7. Ho tamping bnt water or loose sand being retiaired, the loading is attended with 
no li^, but wiSi a saving of time and expense. 

8. In, boulder blasting ui gravel olaimait is very anperior, as in all ordiaary boulders, 
too large to be easily removed by manual labor, a small cnarEO of giant powder in a 
hole made with a half-inoh drill and three-poand hammer, wiB shatter the boulders so 
they can easily be handled. 

9. He use under water or ia water-bleeding rock is very simple aud the effect very 

10. It is vory ueeful for blasting heavy blocks of iron, steek or metal, ivMch cannot 
be blasted by gwipowder, bnt easily jadd to small charges of giant powder. 

n. For militarj ptLcposes, in springing mines and removing palisades. 

A fair trial never fails to prove a complete sncoess. The first bListsarecoiiclusive as 
to the great superiority of giant powder over gunpowder, but its full economical value 
can only appear when tliose who use it use single^anded drills, and at the same time 
gain experience enough not to waste its power by overcharging or req^niring impos- 
sibilities of it. 

The eoiisiimptiou of giant xiowder in California is reported (1869) to 
vary from 12,000 to 15,000 pounds per montli, and to 1>6 increasing. 

Experiments with giant powber. — In offering the giant powder to 
the several steamship, steamboat, railroad, and express companies to be 
transportedj some doubts were expressed as to its safety; Invitations were 
therefore given to several officers of these companies to witness a few 
experiments with the powder, designed to test its qualities in this re- 
spect and satisfy such doubts. 

Accordingly, on the 27th day of March, 1868, near the company's 
works in SanPrancisco, the powder was subjected to the following tests, 
in the presence of Charles U. McLane, o^ Wells, !Fargo & Co.; C, J, 
Brenham, of the California, Oregon and Mexico Steamship Company; 
B. M. Hartshorae, of the California St«am Navigation Company ; W. M. 
Hughes, of Hughes & Keys, of Stockton, and several other gentlemen. 
The following is the record of results i 

Mret Experiiaent. — A box strongly made of ^-inch pine boards, and filled with about 3 
lbs. of giant powder, firmly pneked, was thrown from a perpendionlar height of 30 iee- 
upon a rock. The end upon which the bos struck was broken in and the powder cout 
siderably displaced and compressed, but not exploded. 

Second Expeiimeiti.^&i the suggestion of Mr. McLane, 8 cartridges, each containing 
4 ounces of powder, were iirmlyCHJund together with a strong cord and thrown repeat- 
edly ftom the same height upon the roc& below. Several of the cartridges were in- 
dented, bent and bruised, but not broken. Finally the cord was cut by the rooks and 
the cartridges separated. No esplosioo. 

Third Expel^Menf. — A similar bundle of cartridges was placed upon a lai'ge rock, with a 
rough surface, and heavy stones, weighing from 10 to 30 lbs. each, thrown irom the 
same height npon it. The cartridges were flattened and broken open, and some of the 
powder spilled and ground into the rook. No explosion. 

Fourth Ei^Hiaent. — A box of the same size asin the first experiment was filled partly 
with cartridges and partly with loose powder. A common fiise, without any ca p, was 
inserted in me loose powder, and the cover of the box screwed on and the fuse lighted. 
The loose powder was set on fire, causing a formation of gases, whichforoed the boards 
apart, and escaped with a hissing noise like steant. Tliere woano explosion. The loose 
powder was burned while the cartridges were imafiected except by being scorched. In 
this state one of the cartridges was taken from the box and exploded in the ordinary 
manner, with terrific effect. 

Fyih Earpa-iimHL — A similar box was now filled with cartridges, trom which Captain 
Brenham selected one at random, for the purpose of testing it. The box was then 
closed tightly, and placed upon an open fire and consumed, powder and all, without ex- 
ploding. During the bnmmg, slight noises were heard uom time to time, indicating 
the burstiug of flie cartridges. The cartridge selected by Captain Brenham was now 
exploded in the usual manner, with the nsui^ effect. 

Sixth Eijperimeiit. — A heavy tin cylinder, 1 inch in diameter and 8 inches long, was 
packed full of loose powder, a fuse without h, cap iiisci'ted, and the end of the cylinder 
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earfaidge was then, thrown into a fire and conautned without exploding. 

Seventh Enjerinienf.-- Six cartridges, eaolx contaiaing 4 ounces of powder witU a. 
capped fnse ui one of them, were pk«ed 3 or 3 inches apart in a horiaontal crevice iu a 
cliff of hard rook, without tamping or other means of conitnement. Tlie cartridges were 
all exploded together ; there wasDut a single report. The bluff above tlie crorice, to 
the extent of many tona, waa completely shattered. 

Mghih Ex^eiimertl. — The box of powder nsed in the first experiment was now placed 
on a flat, ha^d atone, abont 9 square fbet surface, and fifteen inches thick, and exploded 
in the proper mEumer. The rock was broken into fti^inents, none of which was larger 
than a man's fist, and the ground was torn up and blown out to a considerable depth. 

Mnth Mvpaimaii. — Two handfuls of loose powder were exploded upon a rock similar 
to that in flie eighth experiment, but imbedded in the earth. The portion of tlie rock 
above oronnd was crumbled into small piecus, while that below was cracked and 
ahiverM in every direction. 

afeftt*. iSnperinwnt,— A section of 2-inch common gas pipe, about 4feetIon5, was placed 
upon the ground, a 3-ounee cartridge inserted loosely in oaflh end, leaving the tube 
between the cartridges — » apace of about SJ feet — entirely empty. In one of the cart- 
ridges was placed the usual fuse and cap and nothing in the other. So tamping was 
used, or other filling or fastening. The ends of the tube were not more thauhalf filled 
by the cartridges. Both cartridgea exploded at once. Each end of the pipe for'abont 
a foot was blown off, audinto small fragments, leavinghalf of the remainder split open 
and flattened out as by fi hammer, and the otlier end flaring and jiigged. 



Another powerful explosive couipouiul liaa recently beea brouglit be- 
fore tlie public and patented in the United Stat-es. It is known aa 
dualin, and appears to be a mixture of uitro-glycerine and nitrogenized 
cellulose, made from sawdust. It was first introduced into (Germany in 
April, 1809. In many mining districts, especially in mines belonging 
to the Prussian government, it is now used in the place of common pow- 
der, and has taken the place of nitro- glycerine and dynamite, (giant 
powder.) 

Lieutenant Dittmar, the inventor, and the manufacturer of tlie article 
at Boston, describes dnaliai as a powder : 

It ia fabricated iu six different degrees of sirrengtli, tlio use of which ivill depend on 
the degree of hardness and toughness of the material uitended to be aubjeoted to the 
action of the powder. Dualin will, if lighted in the open air, bum -without exploding ; 
but, if confined, may be made to explode in the same way as common powder. It is not 
sensitive to concussion ; will not decompose by itaell^ nor cake or pack together, and 
may be readily filled into cartridges or blaat-holes, reciuiring no other than water- 
tiwnping. It matters not whether the plaoe whore it ia st-ored be warm or cold, dry or 
damp. Dualin has from four to fifteen times the strength of common powder, and ia, 
therefore, stronger than nitro-^lyceriue or dynamite. Tlie advantages claimed for 
dnaiia over oiJier explosive agenta are — 

First. It may be stored, transported, mahipulnted, and applied witli less risk than 



Second. It maybe used in cold weather without first requiring the warmiag process, 
which nitro-glycerine and dynamite refiuire, as they fi-equentlyTjeeome inoxplosivo at 
a low temperature. 

Third. Its explosion does not develop any noxious gaflea. 

Fourth. AbBoiutely cheaper tlian either aitro-glyeerine or dynamite, dualin is also 
relatively cheaper than common powder, fbr, possessing fonr to fifteen times the 
strength of the latter, its use will projjortionably reduce the labor and cost of mining 
and blaating operations. 

Fifth. The effect of a dualin explosion is to tea 
its action, less than to pulverize it, as ia the case i 
mining and blasting operationa in coal and rock. 

Sistn. Dualin, when confined, does not necessitat-e the application of an explode)-, 
but may be exploded by a blasting fose, like common powder. 

Seventh. Its great wont of sensitiveness to concussion, renders dualin a suitable ma- 
terial for the bursting charge of ahelia. 

Eighth. Dualin may be stored for long periods without losing an^ of ita strength. 

Ninth. Dualin may for days be sulijeotedto the action of water without losing any of 
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its strength. Tiu cartridges are, therefore, uevei' renuirecl, not even for submai'iuo 
blastmg or hlasts wliero water-tamping is used ; and in aliipjiiiig tLualin packed in 
' paper or thin wooden cartridges, ready tor ose, the only object is to save the cousiiiner 
time in charging liis blast. 

Direetions for Hie. — Dualin is shipped la lioxes oontniaiiig the cartridges, all ready for 
Tise ; the degree of the powder, liie namber of cartridges contained in each boi, tJte 
weight, diameter and length of each cartridge being plainly marked on the box. 

1. The common blasting fnse may be used whenever rock, aand, brick or olay is used 
for tamping. In this onae the treatmeat of dualin is entirely anaJogons to that of 
common bmeting powder. 

2. Exploders ace required £)r Sriug charges. 

A. Wnen no blast-liole Laiiing been drilled, the powder is simply placed on the siir- 
faoe of a bonlder, &o., whicb. it is intended to break. 

B. WhenHnbraarinoblastsaretobemade, or water iansed for tamping, or the liloBt- 
holes contain water. 

C. "When eleetrioity is employed as a meaus of igniting the charge. 

I'or heavy charges it will be well to use wore tiian one exploder. The effect of the 
explosion depends greatly on the cartridge exactly fitting tie blast- hole. Whenever 
ordinary tamping is used it should be packed as compactly aa common _powderrcfinireB. 
Blast-holes that will hold water require no other but water-tampiug. 

Mr. F. Sliauly, tlie contractor upon tlie Hoosac Tunnel, has bad some 
experimenta tried with dualiti Jit the tunnel, and certifies tliat lie has 
used about 20 pounds, manufactured by Lieutenant Bittmar, and, so far 
as an opinion could be formed upon ao limited a qnantity, he considered 
it fully equal to nitro -glycerine iu its results, while for safety in hand- 
ling, it waa proved by the most severe tests to be vastly superior. 

In several of the blasts water-tamping was used. The charges were 
fired by means of electricity, using Mr, H. Julian Smith's battery. The 
same battery has been iu service for some time past, in the operatious 
of the Hoosac Tunnel, and it is but just to state that iu regard to the 
density of the spark developed, as well a-s to simplicity of construction 
and compactness, a more seridceable battery could hardly be recom- 
mended to the attention of all engaged in mining or blasting oiwrations. 
This battery will be described in a future chapter. Another compound 
called xyloidine is manufactured at the same establishment. 

The Jonrnal of Applied Chemistry observes as follows in respect to 
the qualities and strength of dualin : 

This compound, which, according to its inventor, Mr. Dittmar, possesses the explo- 
" " o-glyoerine, together with the slow combustibility of ordinary gun- 



powder, consists principally of nitrate of ammonia and fine sawdnst, that has been 
acted npon by nitro-sulphiulo acid. This material, according to Fnohs, is nndoubt- 
edly endowed with a greater explosive f6rce than ordinary powder ; it is also onsid- 



ered as being leas dangerous in regard to spontaneous explosion. In its conipositio: 
is similar to that of gnn-ootton, being also subject to gradual decomposition iu molat 
air. In regard to the efficacy »if the dnallu, as compared with dynamite, (which is a 
mixture or nitro-glycerine and infusorial sand,) the inventor states that they are both 
ef[nal in this respect. However, it is extremely dlfflcnlt to get at comparable resnlt-s 
in blasting experiments ; in most instances, the experimenter must bo satisfied with 
the average results of a great number of trials imdertaken under variooa conditions. 
But it is nevertheless easy, in one respect, to fix a difference between the two mate- 
rials, which leaves no doubt aa to the superiority of the dynamite. If equal quantities 
of dynamite and dnalin, provided with, primers, are allowed to explode npon ah' 
■ plates of equal strength, the effect indicates such an evident diffErenoe that one mnat 
adjndge to the former a mnch more rapid and violent action. This will certainly be 
recognized in blasting rocks. In price dualin is cheaper than dynamite. Wlien com- 
ing la contact with fire, it will certainly cause explosion, as it bnms quite as rapid^ 
as ordinary powder. Of the dynafnite, however, It is sufficiently established that it 
will never explode on holding a flame near it, but simply burn qnietly, evea if inclosed 
iu strong wooden boxes. Against pressure and concussions, both blasting materials 



not freeze, while the latter, 
blasting is mostly suspended during &ost, this oirctunstance is not of very great i 
portance: moreover, the use of dynamite is not excluded at all, if ftozen, as it wm 
readily yield by the explosion of a small cartridge containing non-solidiiied dynamite. 
The great superiority of dynamite, above all, consists iu its non-liability to become 
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moist; this property nllows its tlirect application under water and in liore-Iioles, ivliile 
(liialiD, lite giiDpowder, does not bear contact with water. 

The objection thus urged tbgainst rtualiu is contradicted by tlie in- 
ventor, who declares it to be insensitive to moisture. 

PYEOXYLINE, XYLOIDINE, GUN COITON. 

The name pyroxyline is given to the very inilammable and detonat- 
ing compound produced by the action of concentrated nitric acid upon 
cellnlose, or subst^ances such as cotton, linen, hemp, paper, and sawdust, 
The name xyloifdine tvek given by Braeonnet, in 1833, to the white, pul- 
verulent, and very explosive substance he hivd obtained by treating 
starch with many times its weight of concentrated nitric acid. 

The preparation of gun cotton for rniniag piixposes has been greatly 
improved. It is now made into pulp, and then comprised into solid 
cylinders, ^hich burn harmlessly when ignited in the open air, but ex- 
plode with intense violence when confined and ignited by a detonating 
componnd. 

In its old form, it was experimented with at the Gould & Curry mine, 
in Hevada, with apparently good results. A report of these experiments 
states that a X^-inch hole, twenty-eight inches deep, in hard and tightly- 
bound rock, charged with six inches of cotton and exploded, threw down 
as much rock as an oi'dinary charge of gunpowder, without protlueing 
any smoke. 

OLIVER'S POWDER. 

A new powder, under the above name, has been manufactured near 
Wilkesbarre, Pennsylvania, for some months x)ast, by the Luzerne Pow- 
der Company, a corporation organized by some of the principal coal 
operators of that region. It is believed that the invention is calculated 
to be of great public benefit, by reducing the risk and danger in the 
manufacture of powder, and by producing, at the same time, a safe and 
powerful explosive. General Oliver's patents i-efer to both the ingredi- 
ents used and to the machinery employed in the manufacture of the 
powder. In composition, the principal difference between this and other 
powders is the substitution of peat for charcoal ; and this, together with 
the method of mannfkcture, produces an article which, it is claimedj has 
invariably shown, in the " powder prover," a strength from twenty to . 
thirty per cent, greater than that of Duponl/s, Hazard's, Smith & Band's, 
or any other powder now in use in the coal region. The sporting powder 
of the Luzerne Powder Company, as compared with the finest brands of 
rifle powder, is stated t-o give a much higher velocity, and consequently . 
a greater penetration to the ball; to foul the gun less; and, like the 
blasting powder, to produce less smoke than do the powders now in use. 
The machinery used in the manufacture is very simple and inexpensive, 
and only a vei-y small quantity of powder is at any one time in the mill, 
and that, while unconfiued, is inexplosive. The success attending the 
manufacture by the Luzerne Powder Company has been sufa(!ient to 
induce the company to detennine on building a second mill near Hazle- 
ton, Pennsylvania. 

Another substitute for charcoal, which has been tried with favorable 
residts in the manufacture of gunpowder, is the mineral known as Gra- 
hamite, and occurring in West Virginia. Its application for this pur- 
pose has been patented by Dr. Van der "Weyde, of New Tork. 
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CHLOEATB OF POTASH POWDKB. 

A so-called " safety explosive compoatid" lias been iiatpiited in Eng- 
land, by Mr. Percy A. Blake, of Aberdeen Park. The coustitneuta of 
this compound are sudphur and clilorate of potash, iti the ratio of one of 
the former to two of the latter. These substances are kept separately 
and dry, and are inised when required. The powder burns slowly when 
igTiited, but explodes under percussion. This explosion is effected by 
means of a detonating tube of metal, about an inch long and ^ of an 
inch in diameter, i)artly filled with the eomponnd and mth fnlminating 
mercury, and lastly with powder. This powder may be ignited by any 
ordiuary ignition apparatus. 

The first attempts to make powder with chlorate of potash, sulphur, 
and carbon, were those of BertlioUet, in 1788. In 1792, experiinents in 
its manuf^ture were made at the works of EsHonne under his direction ; 
but they were stopped by a terrible explosion which destroyed the lives 
of the director of the works, his daughter, and four workmen. Ber- 
thoUet, who was with the director, had a wonderful escape. The ex- 
plosion was caused by the end of the director's cane striking some of 
the powder upon the floor. 

It has also been attempted to use various mixtures of the chlorate 
with white sugar and prussiate of potash and with charcoal and sul- 
phuret of antimony and starch ; but all these compoiuids are exceed- 
iogly dangerous to manufiicture or transport, and it does not appear 
probable 3iat they can ever come into general use. 

For mining purposes a mixture of tan-bark, chlorate of potash and 
sulphur has been made at Plymouth, England. The tan is soaked in a 
warm solution of the chlorate, and afterward covered with a film or 
layer of powdered stdphnr. Tliis preparation is said to bum but slowlj' 
in the open air, hut when confined, as in the hole of a boring, it ex- 
plodes with great energy. 

Picrate of potash has also been experimented with, and used for tor- 
pedoes, but its preparation has led to some frightfid accidents ; that at 
the Sorbonne, in 1S60, killing five persons and wounding many more. 

EXPLODING- CHAEG-ES BY ELBOTRIOITi'. 

Franklin, in 1751, and Priestley, in 1761, suggested the possibility of 
applying the electric spark for the ignition of gunpowder charges ; but 
electricity was not practically applied until about thirty years ago, by 
the French military engineers, since which its use has become general. 
It was employed to ignite the great blasts that destroyed the Bound 
Cliff at Dover, and to remove the wreck of the Eoyal G«orge ; and has 
been largely used in heavy blasting with powder and nitro-glycerine in 
California and for exploding torpedoes under water. 

The variety of contrivances is very great. Many exploders have been 
devised to act either by heating a piece of thin wire, introduced in the 
circuit of a battery and placed in the charge, or by the passage of a 
spark produced by an electro-magnetic machine or Eitchie coil through 
a sensitive explosive compound, thus causing a local explosion sufHcient 
to ignite the whole charge. 

Among those who have given great attention to this subject. Baron 
Von Ebner, of the Austrian military engineers, may be specially men- 
tioned, and Mr. Abel, of the British war department, who has devised 
one of the best esploders known. A spark generated by revolving 
magnets is made to pass tlirough a mistnre of subphosphide and sub- 
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sulpliide ot' copper and chlorate of potash — materials of high eonduet- 
iiig power and extremely sensitive to the spark. One of the great 
(lifflculties in the way of making such exploders is the liahility of the 
materials to be merely thrown aside and not exploded by the passage of 
the spark. 

In the United States inventors have been active in devising different 
forms of apparatus for igniting explosives. They all depend upon either 
the direct passage of a spark or the heating np of an imperfect con- 
ductor, immersed in an explosive mixture. This mixture and the 
arrangement of wires are inclosed in a small cartridge of paper or wood, 
which can. be readily placed in the midst of the powder in the hole to be 
exploded. Mr. Stowell patented, in 1862, a peculiar form of cartridge 
containing the ends of the conducting wires and a strip of platiua. 
Beaidelee, in 1863, patented a very simple mode of making an imper- 
fect conductor between the ends of two wires, by drawing a pencil mark, 
of graphite, upon the surface of a piece of dry wood. Mowhray, in 
July, 1869, patented an improved electrical fuse for exploding charges 
of nitro -glycerine. It consists of a small cartridge of powder, in the 
top of which is placed a small quantity of a composition, "like that used 
by Mr. Abel, made of sulphide of copper, 9 parts ; subphosphide of 
copper, 2 parts; chlorate of iKitash, 3 parts, the whole intimately mixed. 
The ends of tlte wires are immersed in this mixture. It is designed 
especially to be inserted in cans of nitro-glycerlne, to be exploded in 
oil -wells. 

The dealers in the new explosive compounds, such as nitro-glycerine, 
dynamite, and dualin, furnish exploders especially designed for the 
several preiiarations. These various exploders may be flred either by 
the voltaic current or by a spark from a suitable electrical machine, or 
the Page coil. An electrical machine has recently been invented and 
patented by Mr. H. J. Smith. The following is a description and the 
claim:" 

Tlie object of tliis iiivtintiou is the prodwctiou of aii electiioal inaoliiiie constrocted 
witli especial i-efereneo to portability, anil to working in all eonditioiiB of the atmos- 
Ijhere. It ia deeiguetl more especially for igniting cliargas of powder liy ineane <k IJie 
olectrio apark which it evolves. 

It is well known that tlie electrical maoliiue, aa ooinmouly ootiatructed of glass, be- 
comes wholly inefficieut iiv a damp atmosphere, snch as prevails iu tunnels and minoe. 
This is dne to the fact that alaes so very readily oondeuaes moiature upon, its snrfnce, 
in the form of a continuous Sim, Vulcanite, on the contrary, does not ao readily am- 
deuse moisture. Nor does it condeuse moiature in the form of a film, but rather in the 
form of detaohed drops. 

The machine consists of an outer covering or shallow box, coutaiuing a frame plate, 
a Leyden jar or condenser, a generating plate of vnlcanite, and devices for operating 
the generating plate and condenser in oonneotion. 

The ftame plate, the condenser, and the generating plate are placed parallel to each 
other, and parallel to the sides of a box about a foot in diameter. 

The oondbnaer is connected to the frame plate by four posts, 1,'2, 3, and 4. 

The generating plate of vnlcanite lies between the coudeusor and frame plate, and 
ia revolved onitsaxiaby meana of a handle or crank. 

The axis of the generating plate passes tightly through a stuifing box, -which may 
bo made to grasp the axis more or leas tightly, hy meana of a packing screw. 

Theouter end of the axishaaits bearing in a small hole aunk in the outer vulcan- 
ized plate of tlio condenaer. 

The generating plate of vnlcanite revolves between two eiishioas, the surfaces of 
which are coated with an amalgam, as is usual with electrical machines. 

The cushions are provided with flaps, which flaps serve to prevent the electricity 
from escaping from ttie generating plate nntU the excited portion of its sur&ice arrivea 
in the neighborhood of Bio oollectora, which are aerrated strips of metal, placed one on 
each side of the generating plate, and both collectors are attached to and in metallio 

' Vide letters patent, Ho, 93,563, August, 1863, 
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i'omioctioii witli tlie £rame post 4, and liy it aru In'oojflit into cuuiiectiou witli tlia 
inner plnte dx surface of the Leydeii jar or coudensoi-, 

Tlie two outer plates or siurfnceB of the condenser arc in luetnilic coimoctioii with tlie 
post 9, and ajso ivitblJio cushions by means of post 3. 

The inner plate conncctB with post 1, as well as with imst 4. 

The cocdenser is eonstmeted in the following mannei' ; 

When the vnlCiinito is in a plastio state, upon a layer of vnJcauito Ja placed a layer 
of tin-fbil. Over the layer of tin-foil there is placed a second layer of plastic volcan- 
ite, and then a second layer of tin-fbU. A third layer of plastic vulcanite, a third of 
tin-foil, and afonrth of vulcanite, complete the jar or condenser. 

The iirst and third layers of tin-foil ionn the onterflnrfiicesofthecoodonsor, the mid- 
dle Jayot forming the inner surface. 

Care must he taken that the diameter of the tin-fbil plates he less than that of the 
layers of plaatie rahher, excepting a smallitrojeetion from each tin'-foil plate, intended 
to connect with the posts of the frame, "fhe condenser, thns made np, is then snb- 
mitted to the baking or volcaiiizing process, at the end of which it becomes hard and 
rigid. Its surfaces will forever remain in a perfectly dry condition. 

The poatfl 1, 2, 3, and 4, are now screwed info the condenaer, posts 1 and 4, as before 
stilted, cionuecfing with the inner surfnee, while posts 2 and 3 connect with the onter 

To the onter oamjig are attached two knohs. These knohs are electrodes, or paths 
for the discharge of the electricity when they are brought into contact with the inner 
and outer enriiices of the condenser, which is done by tnrninf; the handle oi' the ma- 
chine backward a little, until the post 1 comes into contact with aprt^ection from one 
knob, and the p08t2 comes into contact with the prfyootion from another knoh. 

There is a stop, which serves to prevent the framework of the machine ftom revoZv- 
ingbj the action of the crank, except tlirongha small arc. The post 1 is limited in its 
forward motion by the stop, and in its backward motion hy the projection from the 

The casing is made of vulcanite. Two forma of casing aie made : one, a box in halves, 
«hich are screwed together, with a packing of soft rubber or other air-tight material 
between them ; the other, a box witli a cover, having a mbber band pla^d over and 
itronnd tlio onter edge. 

The operation of we machine is as follows : 

By turning the crank the generating plat* ie revolved between the cushions. Tlie 
electricity generated is collected by the collectors, and from them carried by post 4 to 
the inner snrfiice of the condenser. The opposite electricity appearing at the mbbers, 
is conducted from theih by post 3 to the outer snrfaee of the condenser. 

Ry continued turning of tho crank, the condenser may be charged sufficiently to 
f^iveaspark of three-eighths or one-half an inch in email machines Sfive or six inches 
ill diameter. 

Tlio first motion of the crank turns the frame, as well as tho generating plate, until 
post I strikes the stop. Turning the crank backward brings posts 1 ana 2 in contact 
with the knobs, when the condenser may be discharged. It is desirable that the con- 
ileuser be discharged by the posts 1 and 2, rather than by posts 3 and 4, which are used 
for charging, as the tendency to escape during accumulation is thereby avoided. 

The frame plate and the generating plate are both made of plastic rubber, and vul- 
canized. 

The eapaeity of a Leyden jar or condenser constructed of plaatio mbber and metallic 
plates, as above directed, may be increased by adding snccessive layers of metal and 
vnlcanit-e. Sueh a condenser will be of use tor electrical purposes independently of 
the generating apparatus herein described. 

The inventor claims ; 

1. A generating plate and a fiat condenaer, phieed parallel to each other within the 
Name casing, substantially as described. 

2. A Leyden jar or condenser constructed of vulcanized rubber and metaUio plates, 
substantially as described. 

3. So arranging the jar or condenser that tlie forward motion of the crank, to gen- 
crate electricity and charge the jar, moves the jar forward throngh a small are, whereby 
its terminals are moved away from the disehai^ug knobs. 

4. The device for discharging the jar by the retrograde motion of the crank bring- 
ing the posts 1 and 3 into contact with the projections from knobs V aiid W. 

5. Placing the firing points of the condenser at a distonco from tlie collecting imints, 
substantially as described. 

6. The stop X, limiting the forward movement of the jar, substantially as described, 
T. The combination of a generating plate, a condenser, and a caung, made aiivtJght, - 

as described, by packing or a rubbw band, together with knobs In the casing, and 
their projections, by which the condenser is dlscbarged, substantially as described. 
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SECTION IT.— ]JORTNG AND EXCAVATING BY 
MACHINERY. 



GHAPTEE IV. 
MACHINES FOE DEILLIHG ROCKS. 

Ma-chiues for rock-drilling originated in the Unitetl States, where one 
was put into practical operation as early as 1S3S. The attention, of 
mechanicians and inventors being thus early directed to this great desid- 
eratum, a machine that could be economically and easily substituted for 
hand labor, so great a variety of contrivances and forms have been pro- 
posed and experimented with, that their number renders it difficult even 
to ennmerat© them. Our Patent Office and the patent offices of Buroi)e 
contain many models of machines ; but most of- them are of the class 
Icnown as " drop drills," where the tool cuts by percussion. There are 
other forms of machines, fitted with revolving disks or cutters, and 
designed to bore out the drift or tunnel to its fuU size at one opei"ation ; 
and others, again, in which a number of drills are mounted in a frame, 
so us to cut an annular space around a central core of rock, which can 
afterward be broken out with powder or otherwise. There is still another 
type, in which diamonds are made to do the cutting by pressure and 
rotation, without percussion. Rock-drilUng machines may therefore be 
grouped in two great classes: 1. Those that bore by percussion j 
2. Those that bore by constant pressure and rotation. 

The drop drills belong to the first class, and will be first considei'e.d. 
In these machines tlie drill or bar of iron or steel^^ther a single rod 
or provided with a steel bit or point at the lower end — is raised by means 
of a crank, cam, or other mechanism, and then allowed to fall by its 
own weight upon the rock to be bored. There are also numerous con- 
trivances to accelerate the speed of the fall and increase the force of the 
blow. Metallic and rubber s^jrings have been used, and, iu some cases, the 
elasticity of air ; but in all these modifications but little has been gained 
over the form in which gravity acta unaided. With siirings, the greatest 
compression and force is exerted when the drill is at its highest or 
furthest from its striking point, and as the drill descends this force 
becomes less and less — the reverse of the most deskable condition given 
by grarify. 

It is desirable to note a t&vr of the more important of these inventions 
which have been in use practically during the past thirty years, and 
which, by successive modifications and improvements, have led to the 
present very considerable degree of i>erfeetaon of rock-drilling machines. 

As early as 1838, Messrs. J. M. and John N. Singer experimented with 
a large drop drill on section 64 of the Illinois and Michigan Canal, 
about thirty miles below Chicago. This machinewas patented in May, 

1839, and some ten or twelve machines were built tbr, and used upon, 
the canal uutd the suspension of that work in 1841-'42. They were 
also used in the Mount Washington cut, near Hinsdale, for the Western 
railroad of Massachusetts. Two machines were built at Locliport, in 

1840, and used upon the enlargement of the Erie Canal. Modifica- 
3 M 
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tious of tliese maeliines are even now in use in various parts of the 
country. They are all tlrop drills, and' their operation is restrict-ed to 
vertical holes. 

The original Singer drill, sis applied in Illinois, is considered to have 
been the first successfnl machine for its purpose. It was extensively 
copied, and many improvements apon it were claimed from time to time. 
The first substantial departure from it was made by J- J- Couch, aided 
by Joseph W, I'owle, of Boston, in the year 1848. They constructed a 
steam drilling machine, in which the drill-bar passed directly through 
the piston of the engine and was alternately caught, drawn back, and 
thrown against the rock. It was only used a short time in experi- 
menting, and was finally taken apai-t and sold at auction. Although 
not a success, this machine marks the second phase of the rock-drilling 
machines, and was the first attempt that approached success in the di- 
rect application of steam-power to rock- drilling. 

From the time of this experience the two inventors separated, Mr. 
Couch following up the general idea of a hollow-piston driU, while Mr. 
Fowle, discarding the idea of the hollow piston, conceived that success 
would be gained by placing the drill directly upon the end of a solid 
piston-rod. During a period of five years Mr. Couch produced a num- 
ber of drilling engines, variously coustmeted, but all upon the hollow- 
piston plan. Some of these were in a measure successful, but not suf- 
ficiently so to insure their general adoption. They required very nice 
adjustment and presented practical difficulties ; and finally this style of 
machines was abandoned. 

Mr. Fowle, adhering to his plan of attaching the drill directly to the 
piston-rod or cross-head of an engine, experimented and struggled 
against many obstacles for several years. He built, in all, some five 
machines, but did not succeed in carrying his plan to perfection, until, 
discouraged and disabled by ackness, he suspended his efforts. 

In the year 1861 machine drilling was experimentally begun by Sora- 
meiller, at Mont Oenis, with machines virtually upon the principle of 
Fowle's, though different in constrnction. To M. Sommeiller belongs 
the credit of driving such machines with compressed air, a very impor- 
tant application of this power for all tunnel or mining work, especially 
where artificial ventilation is required. 

The magnitude of the undertaking to tunnel the Hoosae Mountain, 
in Massachusetts, upon the line of the Troy and Greenfield raUroad, 
prompted the commissioners having it in charge to seek all means of 
accelerating the work, and their attention was naturally directed to the 
reports of rapid progress by machine drills at Mont Cenis. The report 
being favorable as to the results, while the machine of Sommeiller was 
not regarded as specially adapted to the work on the Hoosae Tunnel, it 
was decided to devise and perfect a driU for the purpose. As a first 
step, Couch's patent of the hollow piston-rod was purchased for New 
England, and scientific mechanics were employed to work upon it. One 
of these machines, constructed by Mr. Hanson, is known as the 

HASSOH MACHINE DRILL, 

which promised some success, but on tinal proved a failure. It had a 
cylinder and valve-motiou, similar to those of a steam-engine. The 
piston was hollow, with the drill-bar, of any required length, passing 
through it and moved by the piston, by means of four wedges or cams 
at each end. These cams were pressed upon the drill-bar by means of 
sUding collars, forced upon them by a complex arrangement of mechan- 
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ism, acting aiterQately upon one and tiie other, for tlie purpose of 
catching and throwing the drill-bar. The rotation of the bar was 
effected by means of a ratchet, worked by a spiral groove in the shield 
of the machine. There were 120 pieces in this machine, and it weighed 
590 pounds. It did not work well horizontally. The main difliculty 
was with the cams and collars for seizing tlie drill-bar. 
A second machine, called the 

BROOKS, BURLEIGH, AHB GATES MACHINE, 

made under the direction of the commissioners at Fitchburg, was put 
upon the works and used for several months. This machine also had a 
hollow piston, the drill-bar or holder being a screw, passing through 
the piston and moving with it. The feed was given by means of a nut 
on the end of the piston-rod, held by means of a cap or union nut, the 
iatter being screwed on to the coupling, and the coupling-nut screwed 
to the piston-rod. The feed nut turns in the uniou nut, and protrudes 
from it. A ratchet, mo\"ing with the piston, works upon this feed nut, 
and is govei-ned iu its action npon the nub by a spiral groove in a shield 
attached by screws to the cylinder. On the ratchet band there is a 
pawl, with two springs, one under the otherj one serves to hold the 
pawl in gear, the other to hold it out of gear. As' the piston de- 
scends, the outer spring comes in contact with a trip on the shield, and 
is lifted up, allowing the under spring to throw the pawl into the 
ratchet; and as the piston returns, the outer spring tiu'us the nut 
round, and thus feeds the screw, or the drill-bar, forward. At the end 
of the back stroke, the pawl strikes another trip on the shield and is 
thrown out of gear, and is held so by the outer spring, made with a 
catch. The rotary motion of the drill-bar is given by a ratchet on the 
«oupling-nut, covered by a ra1x;het band, the ai'm of which moves in a 
spiral groove in the shield, similar to the other. The ei-osshead is held 
between two check-nuts, on tlie coupling-nut. It carries a bar, govern- 
ing a valve which opens the port when the piston and drill-bar move 
back, and shuts it when they move forward; the air is always pressing 
diu-ing the backward sti'oke. The area of the back of the piston being 
greater than the front, the forward pressure preponderates and carries 
tlie piston forward, and when cut off the backward pressure returns 
the piston. 

The piston-head of this machine has a diameter of 4f inches and the 
diameter of the piston-rod is 4 inches at the large, end and 2J at the 
small end. , There are, therefoiMS, 13.87 square inches of area on the back, 
upon which the compressed air acts to drive the drill forward against 
the rock, and 4.23 inches area on the forward end upon which the aii' 
acts to throw the drill back out of the hole. As the pressure was not 
removed from the front of the piston the motion forward was due to the 
difference of area between the back and front of the piston, viz: 12.87 
— 4.23 = 8.64 square inches. 

This machine was automatic, and it generally continued to work until 
some part gave way. Ifo part of it was found to be strong enough to 
withstand the shocks for any considerable portion of time. The union 
nut was its weakest point ; and the breaking of this nut generally 
destroyed the part of the piston to which it was attached. The springs 
of the feed ratchet-band were also almost continually breaking. 

This machine ha-d 80 pieces ; of these 23 were screws, 15 pins, and 
1 pieces of cast iron. It weighed 240 pounds, made about 200 strokes 
per minute, and cost about 1400. Ite longest run, without brealiing. 
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was five days. To rtrn for two days without breaking some part of tlie 
machine was considered fortunate. More than one breakage a day was 
the average. 

The experience with these machines at. the Hoosao tnnnel was dis- 
couraging. About forty machines were used there, and of these eight 
or ten were originally vertical, and intended for use in sinkingtlie central 
shaft. Owing to the many breakages it was dlfaeult to keep up a supply, 
and the progress of the work diminished in proportion to the giving out 
machines. It was the opinion of the engineer that if a constant supply 
of machines could have been famished the progress would have been 
much greater than that attainable by hand labor. The average "life" 
of one of these machines was about eiglity hours, and it is said by those 
familiar with the operations at the tunnel at that time, that soon after 
starting them at work the tunnel seemed to be a highway, along which 
a crowd of people was continually passing, each person carrying a por- 
tion of a drilling machine, or tools and materials for repairs. 

This unsatisfactory experience led to the gradual abandonment of 
the Brooks, Burleigh, and G-ates maclilue, and the substitution for it of 
a now and simpler machine, made by Mr. Charles Burleigh. 

THE BUBLBIGH ROCK DEILL. 

Abandoning the idea of constructing a machine upon the Couch or 
hollow piston principle, Mr. Burleigh purchased the Fowle patent, and 
commenced the construction of machines with solid pistons, arranging 
the details of construction so that the parts should be few in number, 
and strong enough to bear the great shocks of working. In tliis he 
clauus to have been successful; and it is stated that sixteen out of the 
twenty machines furnished fbr use at the east end of the tunnel were 
stUl in operation at the close of the summer of 1S69, some of them hav- 
ing been in use since November, 1866, 

According to a report made by a joint committee of the Massachusett-e 
legislature, the construction of this drilling machine, in 1807, was sub- 
stantially as follows : It has a solid (so-called) cast-steel piston, to one 
end of which the drUI or Lit is attached, while the otter end within tlie 
cylinder, by means of suitable mechauiam, operates the valves. The 
piston-head has a diameter of 4.25 inches; the jiiston at the large end 
3 inches, and at the small end, 2.75 inches. The number of inches of 
air area is thus 8.20 when the drill is thrown out upon the rock, and 
7.07 when returning. On the back end of the piston is a section of a 
hall used as a cam, which works the vsilve and the feed motion. The 
movement of the piston bring-s the ball into contact with these cams, and, 
by rocking them back and forth, opens and closes the valve. The cylin- 
der is supported upon parallel ways or a bedplate, upon which it slides 
up and down as moved by the feed-screw. This feed-screw passes 
through a gallows frame, attached to the upper end of tlie ways, and 
the lower end of the screw, passing through a feed-nut, enters the cylin- 
der. The end of the piston is drilled out, so that the feed-screw is not 
struck during the oscillations. The feed-nut is secured between two 
collars, so that it tarns easily, and its outer edge is cut into a ratchet, 
into which works a pawl, operated by the piston^ turning the nut upon 
the fixed feed-screw, and moving the cylinder, drill, &c,, forward. This 
machine weighed 372 pounds, tacluding the ways or bed-piece^ without 
the ways the weight was 212 pounds. It comprised eighty pieces, and 
had the same number of screws and pins as the Gates, Brooks, and 
Bnrlcigh machine. Its number of strokes was 300 a minute. They 
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stootl the work mucli better tlian tlie former machines, and their aver- 
age "life" in tlie tunnel without repairs was about five days. One 
ivorked for fourteeu days without repairs. 

The exterual appear- 
ance of the Bui'leigb 
driiIiDg-ina«hine as now 
made is shown by the 
tigTire. It is simpler and 
stronger than the ma- 
chine of 1866. It has 27 
pieces leaa than that ma- 
chine. Pive sizes are 
made, drilling from jf- 
inch to5^inchholes,and 
feeding from thirty 
inches to eighty-four 
inches without change of 
drill points. The piston- 
bar, to which the drill- 
point is directly at- 
tached, is made of solid 
cast-steel. Themaehine 
is so constmcted that 
the piston-bar is the only 
part of the machine 
which receives the shock 
resulting from the blow 
upon the rock. With a 
pressure of 50 pounds to 
the square inch, the dnll 
strikes ftom 250 to 300 
blows per minute It 
weighs from 150 to 1,000 
pounds, according to 
size, andean be operated 
eitlier by steam or by 
compressed air. The size 
recommended for f;en 
eral mining is the tun ' ™ — 

nel-size, weighing about Bnrfei l 

400 pounds, drilling IJ to 2J-mch holes, and tceduij, b mt lit \i ulinut 
change of drill-points It will drdlfiom 2 toC mchea a minute, acLord 
ing to the harilneas of the rock 

Besides being in operation at the Hoosac Tunnel these michmes are 
or have been in successful working opeiition in Hew \ork, Chicago, 
Jersey City, Hell Gate, Scranton, Like Superior, Goloi ido, lSo\ a Scotia, 
Union Pacific railroad, Boston and Hirtfoid railioad, SjC, and in 
deeiiening the beds of the Illinois and Michigan Canals at the Bes 
Moines Eapids, 

In Colorado, Mr, Burleigh is running a tunnel, to iufcersect several 
lodes at a considerable depth. It is found advantageous to make this 
tunnel larger than is usual, in order to have room for the machines and 
two tracks. It is, therefore, cut eight feet high and nine feet wide. A 
double track is laid with iron rails as the work advances. Two inside 
shifts of men, four in ea-ch, are worked regularly ; and with tlie drilling 
maciiines the progress iu a bard crystalline rook hns been, of late, as 
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great aa 60 feet per montli. In one week, 15 tfeet of advance vras made, 
and at a cost per foot of $37 50, inclnding all expenses. The tunnel has 
now penetrated il5 feet in the solid rock, and the average rate of 
progress for some months before the machines were cainied to their 
present degree of perfection was 40 feet per month, which was at least 
foitr times as great as could be accomplished by hand labor. The 
expenses of running a tunnel in Colorado, near Georgetown, are much 
greater than at the Bast. Miners' wages are $4 per day ; blacksmiths', 
$6; powder, $8 per keg; wood from $5 to $6 i>er cord, and all supplies 
are costly. The cost of driving the tunnel up to March, 1870, had been 
$62 per running foot ; which is much less than it would have cost by 
hand labor alone. 

The Baltimore Tunnel, in the vicinity, is being driven with three 
shifts, of three men in each, at a rate of 50 feet per month. Another 
tunnel, worked by hand labor alone, is advancing only 8 tfeet per month. 
Mr. Burleigh thinks that he can drive the large sized tunnel more rapidly 
and cheaply than one of the ordinary dimensions. 

At Hallett's Point, near New Yorlc, these drills have been advanta- 
geously used ; and it is believed that tlioy accomplish from three to four 
times as much as can be done by hand for the same cost, and iu much 
less time. 

At the Hoosac Tunnel, (January, 1870,) the Burleigh drills are used 
in driving the " headings " only at both ends of the tunnel — nine ma- 
chines at the eastern end and eight at the western end. The heading 
or advanced opening is 8 feet high and 24 feet in width ; and in the 
eastern end is msuie on the floor, and iu the western end, next the roof. 
The enlargement is at present carried forward entirely by mannal labor j 
but arrangements are making for the use of the machine drDls for the 
enlargement of the eastern end. The rock is a compact mica slate, in 
which, at the western end, veins of quartz, sometimes many feet in 
thickness, are of frequent occurrence. In the eastern end, however, 
the mica slate is comparatively free from these veins or bands, and the 
rate of progress there is much greater. 

Iu the western end eight drills are kept constantly at work. Four 
drills are mounted upon a carriage, which, with its load of drills, tools, 
&c., weighs, by estimate, about five tons. There are two carriages, 
which are brought into position upon parallel railways, laid as the work 
progresses. The holes are commenced with 2-inch drills, and finished 
with IJ^inch drills, or drills whidi cut holes of those diameters. The 
average depth of the holes is about 60 inches. At the western end, 
where the quartz veins lire so frequent and hard, the working of the 
drills is so constantly intermpted by stoppages that it would require 
very extended observation of one machine to determine the work it is 
capable of performing. One of the machines, in the presence of my 
brother, drilled about twelve inches in ten minutes, mailing, as nearly 
as he could estimate, sometliiug over 200 strokes per minute. The 
rock consisted largely of quartz. In boring a hole 5 feet in depth in 
such rock, the drills are often changed as many as ten times. Accord- 
ing to Mr. fioscoe, manager of the western end of the tunnel, one of 
- the new drills had drilled a hole 5 feet in depth in quartz rock, such as 
frequently occurs there, in 25 minutes. At the eastern end, whore the 
rock is mica slate without the lieiivy quartz veins, a hole of equal depth 
is often drilled in from 10 to 12 minutes. According to Mr. Shauley, 
from 800 to 900 inches are drilled in the western heaiMug during every 
shift of eight hours ; and the daily progress of the tunnel is about 4 
feet. In the eastern end, however, with nine drills, from l,fiO0 to 1,800 
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inches are drilled every shift, and the daily rate of progress i 
feet. Blasting is done twice in every shift. 

It is the opinion of the superintendent that in the eastern end the 
cost of drilling by the Burleigh drill is to the cost of drilling by hand, 
as 4^ to 7. In the western end, however, it is believed that the macMne 
drilling, owing to the numeroas stoppages, is as expensive as it would 
be by hand. 

Each drill requires the constant attendance of two men. In hard 
rock it is found necessary to feed the drill by hand instead of employing 
the automatic arrangement provided for that purpose. Hence^ at the 
^vesteTn end, -where the rock is so highly quartzose, the feeding is done 
entirely by hand ; but in the eastern end, where the rock ia less hard 
:i.ud of more uniform character, the feed is automatic 

At both ends the wear and tear on the machine drills is necessarily 
great ; bat in the western end particularly so — so great, in fact, that on 
an average two drills are in the shoj) for repairs to one at work in the 
" heading." But this end had not been fnlly supplied with the neiv 
Burleigh drills. 

As before stated, these drills may be operated by either compressed 
ah' or by steam. For all underground operations the former is used. 
At the western end of the Hoosac Tunnel four of Burleigh's air-eom- 
pressers are used for the com- 
pression of air to work the drills. 
The compression is rapidly ef- 
fected by pumps, worked by a 
steam engine. 

The reservoir at that place 
consists of two cylindrical ves- 
sels of boiler iron, 25 feet long 
and 5 feet in diameter, in which 
the compression is carried to 
ft-om 50 to 60 pounds to the 
inch, or three and one-third to 
four atmospheres. The air is 
conveyed in iron pipes 8 inelies 
ia interior diameter. 




The anne\ed fit,uie shows 
the form of the new m'M.hiiies 
used by the Bnilei^h Drill 
Company tor comiDiessmg the 
air by which the diiUs are 
worked in the end ot a. tunnel, 
or for other puiiides wheie 
compressed air can be used to 
advantage. 

It ia obvious that tor undei j 
gi'onnd operations, m deep g 
.shafts, and in tunnels, steam | 
cannot be used a*, a motoi j 
Aside from the difficult; ot "" 
convej'ing it great distmces m 
pipes without great lo?sb\ too 
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denBation^ its, discliarge m the conflued galleries of a miiie would reu- 
der working impossible. Compressed air, on tlie otlier hand, when 
conyeyed ii-om the exterior to the interior of a mine, and dischargetl 
there, gives a constant supply of fresh, pure air, promotuig the health 
and comfort of the miners. 

The compressors now used with gi-eat success, consist of a steam-eii- 
giue connecting by means of a crank shaft with two single air pumps, 
arrsiuged as seen in the flgnre. It is very compactly and strongly 
built, and, by a nice adjnstraent of the cranks, the greatest power of tbe 
engine is applied at the point of greatest resistance. These compressors 
are made of three sizes, rated as Nos. 1, 2, and 3, and with the follow- 
ing dimensions: 

Dinieiieiona of air compi'essors. 





Kninber One. 


Nnmber Two. 


Number TUiee, 




15-lDcli afroke 

lOWnoh diameter -.- 

10-iiioli stroke 

«X351nohBa 

7 fcBt 5J iDOhBB 

3,800 poimda 

M.l» OQbio feot 


Iliii 






ia.|iicl> stroke. 


^i-...fM. 


l^inck Bttoke. 
4axB#lnclie». 






'','. ' ". . . ■ 1'' ... i^!^^^^.. 


208.97 onbicfMt. 











The ak, wiieu compressed, is taken into a tank, or air-chamber, and 
tlience carried to auy desired point in pipes, in the same manner that 
steam ia carried. Connection between the permanent pipes and the 
rock drills upon the eaiTiages is made by flexible rnbber pipe, which is 
uncoupled when the CfuTiage is run back for a blast. 

The consti-uctors of these compressors claim that, with eighty pounds 
of steam, they have comi)re&sed air to an equal degree, so as to produce 
an eqnilibrinm between the condensed air in the receiver and' the 
steam in the boiler. 

In reg'ai'd to tlie economy of transmission of x>ower to a distance by 
means of compressed air, the practical results at the Hoosac Tunnel are 
extremely favorable, and show, as already mentioned, but a ehght dif- 
ference of pressnre — about two -pounds — between the two extremes of a 
pipe 7,150 feet long and eight inches iu diameter. The following table 
shows the result of some experiments made while ftom five to nine drills 
were in operation : 

Uesnlis of Kepereaiente upon the loss of pressia-e l>y the fiote of air in an S-inch pijte. 
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These results are in accord with those obtained by the engineers at 
Mt. Oenifi, whei'e, at the date of the report of progTess of the work in 
the year 1863, the air was conveyed a distance of nearly 2,000 metres, 
and worked nine drilling machines with a force of two and a half horse- 
]>ower ea<!h. The tube, like that at the Hoosac, was nearly eight inches 
in diameter. The air was compressed to six atmospheres, and its veloc- 
ity in the tube was about three feet per second. The transmission under 
these conditions was not attended by any sensible loss, and the pressure 
was the same when the drills were aU in operation as when tliey were 
at rest. 

A aeries of experiments were made at Coaoia by order of the Italian 
government in 1857, upon the resistance of tubes to the flow of air 
thi'ough them, and the following conclusions were deduced : 

1. The resistance is directly as the length of the tube. 

2. It is directly as the square of the v^oeity of the flow. 

3. It is inversely as the diameter of the tube. 

The whole subject of the transmission of power by compressed air is 
most thoroughly and ably discussed by Professor P. A. P. Barnard, in 
his report upon the Paris Exposition* of 1867, to wliieh reference is 
made for further details upon this most important subject. 

The compression of the air at the eastern end of the Hoosac Tunnel is 
effected by water-power. Four 24-hor8e turbines operate 16 air-pumps, 
each of ISJ-inch bore and 30-inch stroke ; but these are not all used to- 
together. 

The use of the machine drill in sinking the central shaft, now down 
over 800 feet, has been discontinued. 

Direotiiyns for rmuiiiij the BwUigJi drilie. — Before attempting to stiirt ft drill tlie parte 
slionld be thoroiighly oiled hj intrdtluoiiig oil through tlie plug marked "oil," auaalso 
behind the " feed lever," heneath th6-"momentnin piece/' between rotating ratobet 



and Motion ring and between lotating ratchet and meide sleeve. 

In Betting the drill carriage preparatory to dnlliog, the rear part of the same ehonld 
be raised three to fonr inchea above a level by turning down the badt jack-screws. 
The mncbine is now ready to receive the drill point. This ia done as follows : Kaise 
the piston Buffioiently to admit of the drill point entering the ehnek. In doing this be 
careful to observe that the " momentum piece " is Icnoolted back so aa to clear the ball 
on the end of piston which movee the"iuom6ntiita piece" and valve. Now let the 
piston drop down on the drill point and firmly secure the same by tightening the bolts 
in the ohnok. Now feed down the cylinder by the crank on feed-screw, nnOL the drill 
point toQches the rock, and then feed it down three-quarters of aninchmoreif »"Tnn.- 
nel pattern," or one inch if a " New York pattern," so that the piston will not strike 
the lower cyliuder head when the drill is at work. 

The drill is now ready for work. Lieton steam, and ifit does not at once start, knock 
the "monientnm piece" (with a mallet or stick of wood at the knob npon the same) 
forward and back. If tlie piston raises and strikes one blow and stops, the valve 
gland ronat be tightened a little to prevent the valve from falling back over the port 
and cutting oS the steam. Now strike the "momentum piece" aa before, aud the drill 
will start, itnless the valve gland has been tightened so much as to prevent the fnll 
throw of the valve. (Expeneiioe will guide in this matter.) Again, if the cylinder la 
fed down m/>re than three-quarters of an inoh, as above described, it will not start, in 
which case turn back the ffeed-serew a little. 

Having once started, if the drill rotates more than one tooth at a time, the lower 
" stufter" should be screwed up snffioiently to increase the friction on the piston rod 
to rednce the rotation. In case the drill will not rotate, screw up the set-screw in the 
friction pad, which will eanse rotation. Observe that the spring over the rotating 
pawlisof snfficient strength to cause the pawl to throw into tlie notch, as the drill ro- 
tates. The same care should be used with the spring over '^ qualifier," for if too weak, 
or from any oanse broken, the drill will feed itself down, outtmg off the stroke, and in 
consequence stop. 



• Maohmery and Prooesses of the Industrial Arts, &o., pp. 137-150, 
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f the first drill point, if a greater 
'ollowiiig tliese directions : Loosen 
the bolts in the'clmok, aUowiag the ilrOl pouit to drop ont. Bring the franie or car- 
riage to a level hy taming the biwjk jack-screws, -whicli -will allow the passage of the 
longer drill down past the cylinder ; raise the piston as before described, until the drill 
enters the ehuck — lieu raise the rear of oarriftge to its former position — secure the drUl 
and proceed as before. 

Shmi>enmg the dHU points, — In sharpening tlie drills, care shonld he taken to form the 
poiotsin the shape of a letter X, andnot siiuarelikea -f. On the two-inch (tunnel or 
mining bit) there Should be a difference ofat least J- inch between the lips of same. On 
the tl^ee-inoh or New York pattern there shonld be i inch. 

If these directions are not followed tlie hole will be five-sided and oanae the (IriU 
to bind. 

In (trilling, water should he occasionally fed into the hole to keep the point cool and 
wash ont the debris. In case the drill hinds &om mnniug ofi' or any cause, tbe bolts 
in the clamp wbiob. holds the 'irill shonld be loosened to r^ieve the same. 

The above directions Ibr itmning a drill apply more particnlaily to vertical drilling, 
irat aee generally applicable to various Mnds of drilling. 

To lahe the taackine o^rt — Take out the bolts iu the lower cylinder head ; all the set- 
screws on the side of cylinder, feed-lever, momentum piece, rotating pawl, and friction 
pad ; then pnll the piston down with a jerk and it will start the inside sleeve. By con- 
tinuing thtg operation the inside works can be removed. In putting the drill together, 
when the inside works are put in observe that the npper end of inside sleeve is flush 
with the lower end of rotating pawl, and that the back ring is opposite to tke back 
set-screw. Turn the set-serews down firmly and replace the other parts as before. 

SOMMEILLBE'S EOCK-DBILLINa MACHINES, 

The following notice of rock-drilling by machinery at Mont Ueiiis is 
compiled from the report by Messrs. Geyler and d'Aligny, It is gen- 
erally known that these machines are ■worked by compi-essed air : 

On the Italian side of the Alps, at Bardoniifeche, (the Piedmont en- 
trance,) the air compressors are a kind of hydraulic ram, the valves of 
which are arranged in such a way that, at each lift of the valve admit- 
ting water, a certain quantity of air, at a pressure of five atmospheres, 
is forced into a reservoir 10 metres long and 17 cnbie metres capacity. 

The air compressors at Modane (north side) are composed of a hori- 
zontal cylinder full of water, in which a piston works, and of two verti- 
cal cylinders receiving tte air, and provided mth valves in their upper 
part. By the motion of the piston a quantity of air, equal to that of 
water displaced by the movement, is introduced and expelled at each 
stroke. The air is conducted to the boring machine by cast-iron pipes 
of 0™.20. It has been ascertained that the loss due to friction is about 
one-tenth of aa atmosphere. 

The boring machiues of Mr. Sommeiller are essentially composed of 
a cylinder in which the compressed air works. The piston rod traverses 
the heads of this cylinder, and carries on one side a screw which com- 
mands the distributer. A machine similar to a steam-engiue commands 
the slide valve of this distributer. This arrangement was adopted inas- 
much as the stroke of the piston woich carries the drill varies with the 
hardness of the rock and the position of the drill in the hole, and no 
reliance could be placed upon the introduction of the compressed air by 
means of the percussion alone. 

The whole apparatus weighs 200 kilogrammes. It rests upon a frame 
open in the center; the sides are 0"".03 wide by 0"'.O5 high, and 0™.09 
apart J their length is 2"=,70, They ai'e cut upon. their inside faces with 
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a screw thread, iu wMch a screw moves, and the edge of their lower 
faces is cut wittt rack teeth, iu which a pawl works. 

The cyliuder of the distributing machine is O'",06 in diameter. The 
stroke of the piston is 0™.10. It is fumishe-d witha conuectiug rodand 
a crank, and hj means of gearing gives a rotary movement to a sqixare 
stein, iipon which is fixed, first, a pawl, which advances tooth by tooth 
a i-atehet wheel provided with sixteen teeth, and fixed invariably on the 
prolongation of the piston rod in such mtinuer that, after sixteen blows 
of the drill, the ratchet, the piston, and the drill have made a complete 
revohitiou : second, a plate furnished with a cam which moves the slide 
rod, and if we suppose that the slide valve, pushed by this cam, ad- 
vances and stops the aperture for admission, the air which acts escapes 
through the opening which communicates with the atmosphCTe by the 
hollow passage in the slide valve, and the piston is carried to its orig- 
iiiiil position by the constant pressure which is exerted on its front face. 
At this instance the valve, abandoned by the cam, is pushed back sud- 
denly to its initial position, by the 'difference of pressui-e which is exerted 
upon the two faces, and thus opens the inlet port. 

The diameter of the piston of the boring machine is 0™.06 ; its stroke, 
0'".20; and it gives 200 blows per minute. This machine is single-act- 
ing. The compressed air enters by the opening in constant communi- 
cation by the conduit with the front part of the cylinder ; when the 
l>iston is at the end of- the stroke, the slide opens the inlet port, and 
the piston only advances in consequejice of the difference of the pres- 
sure of air on its back face fitted with a slender rod, and on its inter- 
nal tkce, of which the area is reduced by the large shaft of the tool-car- 
rier. The impulsive force upon the piston is, for some of these machines, 
ys kilogrammes, and for others, 150 kilogrammes. 

We have before explained how the drill is made to rotate. It remains 
to show how it is made to advance, and how it can be rapidly taken oat 
in case of need. If the screw, constantly geared into its nut formed by 
the internal filleted faces of the beds, were fixed permanently upon the 
shaft, it would follow that iu each rotation of the drill it would advance 
the cylinder by a length equal to the pitch of the thread j but it should, 
on the contrnrf, only advance at the same speed that the drill enters 
the rock ; therefore the screw works loosely upon the shaft, and only 
tiivns when a clutch box catches it, this clutch being eoutinnally pushed 
by the action of a spiral spring, which is retained by a rod connected 
with the clutch, and carrying at its front extremity — 

1. A fork, the teeth of which rest against those of the rack on the 
lower part of the bed plate. 

2. A prolongation terminated by a semicircular appendage. 

If we now suppose that the piston is reaching the end of its stroke, 
with the drill scarcely touching the bottom of the hole, a tappet fixed 
upon the shaft of the tool-carrier strikes the above-mentioned append- 
age, forces it to drop, and detaches the tooth from the rack. Then the 
clutch box, impelled by the spring, catches and turns the screw, and the 
striking cylinder advance till the fork is eanght by tl\e following tooth 
of the rack, and thus disengages the clutch. 

It may be conceded that Mr. SommeiUer has constructed an iuge- 
nioiis machine which fiilfllls the following conditions: 

1. It strikes hard and rapid blows upon the rock. 

2. It transmits a self-acting rotary motion to the drill, required to 
prevent it from becoming fixed in the hole. 

3. It imparts also a progressive, self-acting, and regular advance to 
the drill as the hole deepens in working. 
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4. And lastly, it can be rapidly drawn back to cliange the tools. 

The tool is a drill, witli tbe cuttiiig-e^ge in the form of a Z. It makes 
a hole of .09 and 0in.O4 in diameter ; but in the first case it is fur- 
nished for 0™.2O behind its head, with a bulge which trims or reams the 
holes to full size. The stroke of the machine is but 0™.80, bnt it can 
make a hole to a depth of 0'".90, by reason of the length of the drills, 
which vary from O^.SO to 2™. 

The apparatus placed before the breast of the gallery to be attacked 
carries 8 drills, which cover a section 4 metres wide by 3 metres high, 
equal to an area of 12 aciuare metres. Eighty holes are bored, 6 of 0™.09 
and 74 of 0™.04 diameter, and 0™.90 deep. The daily work has varied 
evidently according to the hardness of the rock. In March, 1863, it 
wasl™.10in tweuty-fonc hours ; in April, 1™.40, and in some parts of the 
strata even S'o.SO ; hnt when the hank of quartz was met, which was 308 
metres thick, the advance was hardly O^.SO per day. 

During the month of March, 1803, it was shown that each explosion 
of 0^.70 to O^.SO required six honrs for boring the holes, and four hours. 
for the uiiners carrying away the rubbish. 

Tbe staff employed for the boring of the holes during twenty -four hours 
was as follows : 

Two shifts - . . 1« 

Miners 2 

Laborers for taking away the debris 8 

Superintendents 2 

Total 28 

The compressors required 

Total 37 

In 1863 for 8 machines i^orking there were 60 in the shop. In 1SC7 
■when the work was carried on both from the French and Italian sides 
the number of machines working was 16, and of those in the shop for 
reiiairs 200, 

In 1863, for repairing 8 perforators workingin a coarse sandstone, (grds 
A gros grahis,) tbe statit' attached to the workshops consisted of 21 men. 

In 1867 the number -waS much greater, biit exact information could 
not be obtained. The work had, however, been offered to a company 
at 6,000 francs per running metre, the company taking all the apparatus 
and agreeing to repair tbe tools and clear away the debris. This Avas 
iBfused, although the price was equal to 600 francs per cubic meti-e. 
The enormous shocks which the machine was subjected to obliged them 
to change the iron beds for Krupp steel ones ; the springs often broke, 
and the drills did not advance O'^-SO or 0™.30 without requiring repairs. 

DOKIHG'g DEILLmCt MACHINE. 

Mr. Dijring, of Enhiort, in Westphalia, has constructed a. drilling 
machine that has been used to great advantage in the zinc mines of the 
Vieille Montagne Company at Moresnet, near Aix-larOhapeUe, The di- 
rector of these mines stated in 18(57 that 11 of these machines, two of 
them of a recent construction, had been iu actixal use there, and tliat 
in one of the levels, where the rock was a very hard qtiartzose dolomite, 
they had made an advance of 3 metres iu 14 days, where by hand driving 
1| metres only could be achieved. Sometimes the machine could adx'iuice 
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4 metres iu that time, and with only 2 men instead of 6. A six horse- 
power engine is reqnired to worlt 2 machines : the air is compressed to 
IJ atmospheres. For one working machine it requires 2 in reserve. 
The 8]»eed per minnte is 0™.03, including replacing the drills. Each 
drill will not hore more tJian l)™.20 to ©".SO without being replaced. Its 
speed of advance at Vieille Montague over ordinary borers may be con- 
sidered to have been treble in hard rockj bat only doable in soft rock. 

Thia apparatus of Diiring weighs 45 kilogramm(?8, and constitutea the 
borer, properl^p so called. It is erected upon a special carriage, which 
allows any direction to be giveu to the drill that is desired. The 
pressure of the air varies from J of au atmosphere to IJ. This machine 
is composed of a cylinder O'n.iM in diameter, and 0™.300 long. In this 
cylinder a piston moves, to which is fixed the stem of the drill. The 
compressed air is distributed by means of a slide valve, and, after acting 
freely, escapes into the air. Two ratchet wheels, furnished with dogs, 
are placed at the back of the cylinder, and are put in action by the 
prolonged rod of the piston by means of a fork which commands the 
dogs. One of the ratchet wheels serves to give to the drill a rotary 
movement on its axis; the other ratchet, which is nearest to the cylin- 
der, by means of a toothed wheel advances the tool upon the support, 
'i'he arrangement is such that the driU advances only when the piston 
has run its stroke. A jet of water is constantly thrown into the hole 
for the removal of the di^bris. The drijl most used is pointed in the 
form of the letter Z ; and it is found that when worked in the machine 
it does not blunt as rapidly as when worked by hand. 

Mr. Doring has put his machines into operation in a very deep mine — 
the Tincroft, in Cornwall — where the rock is the hardest in that country, 
and one Is to be introduced at the Dolcoath mine. It is represented 
as making good headway in the hard rock of the Tincroft. 

BERGSTEOM'S drilling atAOHINB. 

Bergstrom's drilling machine originated iu Sweden, and has been in 
use there at the Persberg miue. A machine exhibited at Paris in 1867 
was said to have worked for 700 days under ground, aud to have bored 
in the aggregate 1,000 metres. Upon hard granite, in trials with the 
drill, it bored 2 metres in 1 hour. The drill is impelled by compressed 
air, in a cyhuder similar to that of Doring-'s machine, but without an 
automatic advance movement. It gives from 300 to 400 blows per min- 
ute, and the diameter of the drills varies ftom 0"'.018 to 0"'.025. The 
weight of the whole apparatus is only 120 pounds, and it is supported 
upon a steel bar, which must be fixed in a direction parallel to .that of 
the intended bore-hole. The cylinder is made to travel along this bar. 

It may here be mentioned ttiat in 1856 Karl Schumann, of I'reiberg, 
Baxouy, constructed a boring machine, to which those above described 
and the drill of General Haujit are similar in some respects. 

haupt's drill. 

This percussion borer differs essentially in its construction from those 
described. It works by means of steam. The drill passes down a hol- 
low piston rod, to which it is fixed by the extremity which is before the 
workman. The reciprocating movement is communicated directly 
to the diiU, and by a special arrangement of the slide valve the 
introduction of the steam into the cylinder is avoided until the piston 
has arrived at the end of its forward stroke. 
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The force of the blow of the drill upon the rock depends on the 
pressure of the steam upon the i)istou. It wiU be observed, besides, 
that the useful effect of the drill dejjends much more upon the section 
of the piston and the pressure of the steam, than on the length of the 
stroke of the piston, and that the consumption is proportioned to this 
last dimension. The length of the stroke of the piston is 0°',102, and the 
number of blows per minute is 375. 

The movement of rotation is given to the drill in the following way : 
The box in which the shaft of the drill is held, and which turns with it, 
carries a ratchet wheel on one part of its circumference, and around 
this wheel is a ring furnished with a pawl, which catches in the teeth of 
the ratchet wheel. This ring also carries a projecting tappet, which 
passes in an inclined gTOOve left in the outer envelope of sheet iron 
which surrounds the steam cylinder. The tappet participates in the 
movement of the piston and drill, and by sliding in the inclined groove 
turns a screw with which it is combined, aiid by means of the pawl 
gives the ratchet wheel and the drill a rotary motion. 

This arrangement would be insufficient alone, since the tappet mov- 
ing in both directions in the groove destroys, to a certain extent, during 
the forward stroke, the useful rffect produced during the back stroke. 
To obviate this imperfection, and to maintain the rotation transmitted 
to the drill, there is a second ratchet wheel placed at the' front end of 
the box that carries the driU. A steel spindle placed in a recess formed 
by the cylinder jacket locks into the teeth of this second ratchet wlieel, 
. so that the movement of rotation only takes place one way. The fli-st 
ratchet wheel allows the transmission of the rotating movement to the 
tool ; the second forces this movement to be always effected oue way. 

Mr. Haupt has contrived a special arrangement which causes the 
drill to always strike upon the rock with the same force, and to vary its 
advance according to the hai-dness of the rock. If tlie drill is put into 
the drill-carrier in such manner that at any given time the motion of 
this latter can be suddenly arrested while the tool itself continues to 
move, it is clear that each stoppage of the tool-carrier will be followed 
by an advance of the toolj but as tins stoppage would diminish the 
force of the blow upon the bottom of the hole, it is only allowed to take 
place at intervals, 

Mr. Haupt estimates that three horse-power is required for each 
borer, and that the rate of progress in rocks of ordi]iary hardness is 
0".05 per minute. 

BEAUMONT AND LOCOCK'B DRILLING ENGINE. 

This machine is worked by compressed air j its object is to pierce a 
gallery of two metres diameter entirely by the machine, aided by powder 
for disengaging the core of rock which is left in the middle of the an- 
nular trench cat by the drills. 

This machine is composed of a cast-iron plate which carries on its 
circumference thurty-six drills made of cast steel, and in its center a 
similar drill. The diameter of the plate is about two metres, and is 
the same as that of the gallery to be driven. It is fixed on a hollow 
iron shaft, about two-thirds of its length being a piston, which moves 
in a cylinder. 

The stroke of the piston is about 0".30. A slide valve introduces 
the air (compressed to two atmospheres) to eaeh face of the piston, and 
gives it an alternate movement of 250 blows per minute. A worm, 
worked by a special mechanism, turns the axle with the drills by means 
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of a screw wheel coiiibiiied with the axle. The carriage on which the 
liiston shaft is mouuted receives a forward motion by a special ar- 
raugeinent. The water which is thrown into the groove formed by the 
drills enters the interior of the shaft, and by pipes branched upon this 
axle is conducted to the cirenmferenee of the plate. 

This is evidently one of those machines that cannot long withstand 
the extreme violence of the impact essential to rapid drilling. If it is 
almost impossible to conetmct a machine Tfith one drill that will work 
long enough withont repairs to make it an economical success compared 
with hand labor, how much can we expect from an engine armed with 
thirty-seven drills, all rigidly attached to one piston ? 

PORD'S DRILLING MACHINE. 

A power- dialling machine has been constructed and put into opera- 
tion in one of the mines at Sandhurst, Austi-alia, and is said to effect a 
very considerable saving over the ordinary process of drilling by hand. 
Mr. Joseph Milliu, the manager of the Hustlei^B Eeef Company, states 
that drilling in ground that would cost forty shillings per foot with 
hand labor can be wrought with the machine for tliirty shillings; or, if 
with hajid labor at sixty or eighty shillings, with the machine for forty 
shillings. The harder the ground the greater the saving. The machine 
appears, from the description given, to be similar in coustmction to the 
Burleigh drill. The constructor, Mr. E. G. I'ord, of Sandhurst, de- 
scribes the drill as follows : 

lu Fortl's rook-l>oring macWne the motion of the rock-boring tool is reciprociiting, 
and tlie motive power is oonapressed aar or steam, at a presBure of sixty ponntts per 
sqiui™ inch, acting on a piston in a oyliiider. It preases eonstaatly on a small annular 
space in front of flie piston, and intermittingly on the whole area of the ba^k of the 
piston ; a percnssive action is thus given by the borer carried by the piston rod. The 
ports for the alternate admisBion of the compi'eaaed air behind the piston, and for the 
exhauBt, are opened and olosed by a valve worked by a smidl piston, thus seouring the 
full pressure on the back of the piston, and giving a firee blow and a clear exhanst for 
the return stroke. 

The air-ports and the movement of the valve ate so arranged that the piston cannot 
strike the iront and back of the cylinder, Tberotationof the boring tool is self-acting, 
and is caused by the piston rod working a ratchet and ohck round a cylinder attached 
to the front of the working oylhider, and sa the piston reciprocates it carriea itself 
round tiie sylinder and makes a complete revolntion every twenty-one blows, by which 
means the machine bores a perfectly round hole, and tbe diill cannot move more or leas 
than a twenty-first part of a revolntion at each stroke. The feed is self-advancing and 
self-adjnstable and variable, feeding with precision as fast as the tool has power to 
penetrate the rock, but no faster, varying its feed in the same hole with the varying 
hanlnesBof therockor sharpnrasof thetool. This is effected by theworlting cylinder 
being provided with an exterior cylinder in whicb it can slide, and the compre^ed ait 
is constantly tending to propel the working cylinder forward, but is retained by a 
screw, whidi is prevented flrom taming by a pawl, which the piston strikes when it 
makes a fall stroke, thus releasing tbe screw and pwmitring the working cylinder to 
advance forward as the hole increaswi in dejith. 

An ordinary drill is iised ; tbe only alteration required, is the head, which is made to 
fit the machine. The drills can be made to bore holes from three-quaiters of an inch 
to two inches in diameter. Tbe weight of the blow struck by the machine can be 
varied from 1 pound to 510 pounds, and tbe number of blows from 20 to 600 per minnte, 
by the attendant simply moving the handle cf a small air-cook. 

The air-compressor used at this mine with Ford's machine is very 
simple, consisting of a cylinder nine inches in diameter, bent like the 
letter IT, with a piston working in one leg only, the other being filled 
with water. The piston has a stroke of two feet, and aa it moves up 
and down in one leg the water rises and falla in the other, thus making 
it double-acting. The piston works throngh a stuffing-box atthe bottom, 
and the inlet and outlet valves are placed at the top. A small supply 
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of water is admitted at the inlet valve witii eaeli stroke, and is tirown 
into the receiver at each return stroke, thus circulating through the 
apparatus, and caixying off. the heat given out by the air when com- 
pressed. An old boiler is nsed as the receiver, and the compressed air 
is eojiveyed to the drilliug machine in iron gas-pipiug. 

leschot's annulae diamond deill. 




Jul ii^ 4m^ 




Diatuom!. Dull tor testing or proBpecting 
The drills about to be desciibed woifc upon an enbiely different princi- 
ple from those noticed in the preceding pages. The latter are all of the 
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iilsiss of purcnssion drilla, and cut by tbe forae of the blow couceiitrated 
at the point of the drill. The diamond drill, on the contrary, is not 
used percuasively, but by virtue of its extreme hardness it is made to 
cut away the roct by contact and pressure. The drill ia pressed 
I3rmly, ajid is rabidly rotated against the rock to be hored. 

The application of rough black diamonds to boring and cutting into 
rocks was made in 1860, by Mi\ Eodolphe Ijeschot, a civil engineer re- 
sidiug in Paris, and formerly a student in the Ecole Oeutrale. He found 
by experimenting that such diamonds, firmly set iu the end of an iron or 
steel tube or cylinder, could be made to bore holes iu rock to great depths 
and with a rapidity before unknown. 

A short section of a cylinder of soft steel is used for the purpose. It 
varies from one to three or more inches in diameter, according to the 
size of the hole to be drilled, and is only about oue-quarter of an inch 
thick. Cavities are drilled in the end of the cylinder, and into these 
cavities black diamonds of the common or bort variety are firmly set, 
by hammering up the soft metal around tliem. They are allowed to 
project about half a millimetre in front and slightly beyond the outer 
and inner surface of the cylinder or ring. This ring is secured by means 
of a bayonet joint or screw thread upon the end of a long hollow rod or 
drill bar, to which a rapid rotation is given. By pressing or feeding this 
revolving diamond-mounted ring against the rock to be cut, and at the 
same time supplying it freely with cold water, the rock, whether of soft 
or hard materials, of clay, slate, or of fiiut, ia rapidly worn away, and an 
annular cutting results, leaving a central core of rock, which pa-sses 
into the center of the drill and drill holder, and may be broken oat when 
the drill is withdrawn, thus leaving a truly cylindrical hole with smooth 
sides. 

The rapidity with which this apparently delicate ring cuts its way 
into the hardest syenite, quartz, or granite is surprising. The first ex- 
Ijoriments showed that two men with a machine like aa ordinary feed 
drill could bore O^.OSS in depth per hour. The cylindrical core left in 
the center was O^.OSl iu diameter and the aunidat groove 0".0i3 in 
diameter; consequently the part cut out was equal to a cylinder 0™. 012 
thick. But this method of feeding or advancing the drUl was clearly 
very defective, no allowance being made for the vai'ying hardness of 
the rock. Since that time very great improvements in the way of mount- 
iiig, operating, and feeding the drills have been made. 

The wood-cut represents the drill and its mounting, as manniactiiTed 
by Messrs. Severance & Holt, the assignees of the patent tor the 
United States. This form is known as the "testing or prospecting 
drDl," and it is designed chiefly for testing the charactei- and valne of 
jninerai deposits, although it is adapted to a variety of other work, such 
as drilling holes in quarries tor blasting, and for well-boring. 

It oousists of a small, TiprigUt boiler, to oue side of wLioh ia firmly bolted the ctist- 
iron frame whicli supports the eii^iue aod swivd, drill-beail, geais, and screw »ha,ib, as 
shown m the engraving. The engine — an oBoiUator of from nve tosoveu Iioree power- 
is shown at A. B is the screw shaft with drill passing thronghit. Thiaslmft is made 
of hvdranlio pipe from five to seven feet in lengtli, with, a coarse thread cnt on tlie 
outside. This thread, a portion, of which is sho(?n in the cat, runs the entire length 
of the shaft, which also carries asplineby whiohitisfentheredtoitenppersleeve-gear. 
This goat is double, and comiects by its lower teetli with the beveled driYing-genr, 
and by its upper teeth with the release-gear (E.) This release-gear is feathered to 
the feed shaft, CB\)at the bottom of which is a frictional gear fitting Uie lower gear on 
the screw shaft, whieli has one or more teeth less than the frictional gear, whereby a 
diitireutial feed is prodnced. This frictional gew is attached to bottom of feed shaft 
(F) by a friction nnt, thns prodncing a combined dift'erentiaJ and frictional feed which 
renders the drUl perfectly sensitive to the cliavacter of the rook throngli which it is 
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paasiug, and ntftintaiDs a Dniform pressure npon the same. The eeveie uiiA sniXden 
etraiii apou the oattiug pointa inoideutal to drilling through soft into hai'd rock ^T^tll n 
positive feed is thus avoided. Thedrill proper (paBsing through the screw shftftB) con- 
sists of a tnhnlar bar, made of lap-weld pipe, witha steel bit orTjoriug-head (D) acrewed 
on to one end. This bit is a steel thimble abont loor Inches in length, having tiiree raws 
of blaclc diamonds in their natnral rongh state firmly imbedded therein, bo that the 
edges of lioBe in one row priyect forward from its face, vhlle the edges of those in the 
other two rows projeot fix>m the outer »nd inner periphetiee respectively. The dia- 
monds of the first-mentioned row ent the path of the drill iu its farwiu^ progress, 
while those npon the outer and inner periphery of tlie tool enlarge the cavity nioinid 
the same, and admit the free ingress and egress of the water as hereafter deseribi^d. 
As the drill paBses into the rook, cutting an annnlar channel, tliat portion of stoiiii en* 
circled by this channel isof course imdilturbed, and passes np into the drill in tho fovm 
of a solid cylinder. This core is drawn ont with the drill in sections sometimes of 
from 8 to 10 feet in length. 

The sides of the hollow bit are one-fourth of an inch thiolt, and tlie diamonds of the 
inner cow projeot about one-eighth of an inch, so that the core or cylinder produced by 
a iTwo-inoh dnil f the ordinary size for testing) is one and a qnaTter inches in diameter. 

Inside the bit (D) is placed a self-adjusting wedge which allows the core to pass up 
into the drill without hinderanoe, hnt which impinces upon and holds it fast when the 
action of the drill is reversed— -thus breaking it oft at the bottom and bringing it to 
the snr&ioe when the drill is withdrawn. 

In order to withdraw tlie driU it is only necessary to throw out the reJeaee-gear (E) 
by sliding it up to the feed shafb, (Fj) to which it is feathered, when the drill runs np 
with the same motion of the engine which carried it down, hnt with a velocity sixty 
times greater ; that is, the speed, with which the drill leaves the rock, bringing the 
core with it, is to the speed witli which it penetrates it as sixty to one — the revolving 
velocity in both cases being the same. 

The driU rod may he extended to any desirable length by simply adding fresh pieces 
of pipe. Common gas-pipe, or, better, lap-welded iron tube, is found to serve wliiiira- 
l)ly for this purpose, the successive lengtlis being qiiick^- coupled together by an 
inside coupling four inches long, witii a hole through the center, of each to admit the 
water. The drill is held firmly in its place by the chuck (G) at the bottom of the 
screw shaft. 

The small steam pnmp (C C) is oonneeted by rubber hose with any convenient stream 
or reservoir of water, and also with the outer end of the drill pipe by a siniilnr hose 
having a swivel-Joint, as shown in the picture. Through this hose a steady stream of 
water is forced by the pump into the drill from which it escapes between the diamond 
teeth at the bottom of the bit, (D,) and passes rapidly out of the hole at the surface of 
the rock, carrying away all the grit and borings produced by the drill. Where water 
is scarce or difB.onlt of access, a spout is laid from the month of the hole to the tank or 
reservoir and a strainer attached to the connectinghose, so that the same water may 
be nsed over and over ^ain with but little loss. This pump also supplies the boiler. 

The .same parties mamifeeture another stjle of prospecting drill, 
similar in its construction to that just described, but larger and more 
powerful. It has a horizontal tubular boiler 3J by 7 feet, with flues 
three inches in diameter, and steam capacity eqnal to twelve lioree- 
power. The engines are two oscillators of M-iuch cylinder, ttve-iuch 
stroke, and both attached to the sjune craiSt shaft. The whole is 
mounted npon wheels so as to be portable. It is geared to rnu with 
t\viee the speed of the first-described machine. Its construction and 
general appearance is showB by the cut. The pnmp P and water hose 
H fill the same offices as those in the upright machine. This pattern is 
mounted on large wheels with broad felloes for easy transportation in 
rough mining districts, and, like No. 1, is all complete in itself. 
. It is especially adapted to well boring, draining, and prospecting, and 
will bore holes ft-om two (2) to five (5) in«jie8 in diameter, as desired, 
and to any required depth. The total weight is.abont 3,800 pounds. 

An open cut or quarry drill is also made. It is similar in its con- 
struction to the last-described machine without the boiler, and has 
two oscillating engines, B B, of five horse-power each, and is geared 
three to one. This machine gives to its drill rod 900 to 1,000 revolutions 
per minute, jind drills in ordinary rock at the rate of fifteen to t\yenty 



,dhy Google 



MACHINES FOR DEILLTNG R0CK^5. 



feet per honr. It is adapted to eitlier eompreised lir r 
lirM plunger pump is represented at A 
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Suveraiiee & Holt's Portable Prospecting Diill. 

The specc! of boring of course depends upon the cliai'iicter of tlie roct, 
raiiging from five feet per hour in very hard i-ock to flfteeu feet i»er liour 
ill limestone, sand rock, and shale. The rate of speed in drilling appears 
to be Hmited only by the velocity with -which it is possible t-o rotate the 
drill. It is claimed that with one thousand revolutions per minute the 
hardest rock may be drilled li-om eight to tetifeetijer hour, the diamond 
cutting only the one-four-hundredth part of an inch at each revolution, 
and the drill thus advancing one inch for every Ibur hundred revolutions. 

This is the finest or slowest " feed," and is used only in flint or rocks 
of greatest hardness ; while in ordinary rock the drill is fed at the rat« 
of Siree hundred revolutions to the inch — the diamonds, of coui-se, cut- 
ting the one-tlu'ee-hnndredth iiart of an inch at each revolution; and in 
marble, sandstone, &c,, at the rate of an inch for every two hundred revo- 
lutions. The pressure of the hit or drill head against the rock does not 
depend upon the length and weight of the drill rod, and is no greater at 
the depth of a hundred feet than when entering the rock at the surfaca 

The variations in the feed are effected by simply changing one gear- 
wheel, requiring less than five minutes' time. The same macliine will 
bore holes from one to four inches in diameter, as desired. 

The diamond teeth are the only parts of the tool which come in con- 
tact with the rock, and their hardness is such that more than two thou- 
sand feet have been drilled by the same points with but little apprecia- 
ble wear. The cost of resetting the diamonds so as to present new 
points is very slight, and no Special skill is required for the operation. 
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Other re]iiiirs are seldom needed The diimonds vary iu piice froiii six 
to seven tlollais per carat, gold Some of them iie light colored, ti'ans- 
liicent stones, uearly oue-quaitei ot iu inib in diiiiiLter The usua) di- 
ameter of bits for drilling hlist luil< s m lumes !■< one iiid a half iiidi, 
cai'ryiug dx diamonds. 




i UriU 



The peculiar shape of the boring bit prevents tlie drill from running 
ont of line ; lience the hole bored, however deep it may be, is perfectly 
straight and there is no friction ot the drill against the root. 

The juanufacturers have made another boring head of similar eon- 
strnction, but havijig the annular opening partially closed and the dia- 
monds so arranged as to bore out the entire hole instead of producing 
the core. This form of bit, however, is not desirable, as it reqnires far 
more pcwor to di'ive it, consumes more diamonds, and is not available 
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for boring deep holes on account of its tendency to deviate from a tme 
line. 

The annular diamond drill has been used for testing the natnre of the 
rocks at considerable depths in many places, and it is evidently destined to 
be of very great service to mining industry. Eock-cylinders or cores hare 
been repeatedly taken out from a depth of 300 to iOO feet, and they give 
a perfect record of the succession of the rock depositSj or veins passed 
through. At the lead mines in St. Francis County, Missouri, test holes 
have been bored at several points from eixty-flve to one hundred and fifty 
feet in depth, and have proved the existence of deposits of ore not before 
known. At the Portland, Connecticut, sandstone quarries, a test hole has 
been bored and cores obtained to a depth of 312 teet. In Essex County, 
New York, the drill has been used upon the ore-bed of Witherbees, Sher- 
man & Co., and gave a continuous core to a depth of 340 feet in very hard 
rock, and in the compact iron ore, thus showing the nature of the fonna- 
tion to that depth. In Pennsylvania, at the William Penn Colliery, the 
drill has been used to prospect for the " MamraotU Vein." The drills were 
put into operation at tie bottom of a shaft already sunk 170 feet. In six 
honrs and forty-seven minutes, actual running time, the drill penetrated 
to an additional depth of 104 feet 11 inches. Of this, 46 feet and 1 inch 
was through slate and coal alternating and mixed, and 58 tteet 10 inches 
through anthracite coal, the bed dipping at about 45 degrees. The 
average rate of boring was 3.06 inches per minute for the whole depth, 
or about 16J feet an hour. The proprietors write : 

We are satieflM that we eouH Imve bored throiigli hard rock at the same vmtform 
rate, forthealiitebotedtlirougli contains " enlphiu liaJla " of tlie aiaeof agoose egg, auil 
upward, of sulpliuret of iron, of intense hardnees, bnt -whieli formed no more serious 
obstmetione to tie drill than the conglomerate rock. "With the exception of one im- 
perfect diamond, ■we coold not perceive the least effect or abrasion on the aurfa«3e of the 
diamonds, even wifch a magnifjing glass. We afterward trieA the same machine for 
boring blast holes in the coal at bottom of shaft with equally satisfactory results. The 
coftl was such as experienced mineca conld drill five feet per hour in by hand ; the ma- 
chine bored it at the rate of twenty-two iuches per minute, to the no small sarpriae of 
our veteran miuei's. 

It is found to work well upon hard trap rock, in which it is almost im- 
possible to drill a hole of uniform size with hand drills, or to drill more 
than about ten feet in depth. In this rock, upon the New Haven and 
Willimantic raUroad, it is found by experience that where only from S 
to 12 feet of drilling could be made by hand in one day by three men, 
working by the tbot, a machine will drill from 30 to 36 feet. Two ma- 
chines are used and they give holes two inches in diameter and uniform 
throughout their depth — from IS to 30 feet. It is found very advan- 
tageous to drill from two to four holes and to explode the charges in 
them simultaneously. By boring five holes to the depth of the grade, 
and exploding the charges all at once by the battery, it is possible to re- 
move twenty-four feet in length of the i-ock in the cut at one blast. 

Some interesting results have been obtained with the drill in subma- 
rine boring at HeU Gate. The reef of rock to be removed lies from 
twelve to twenty feet below the surface of the water at high tide. The 
machine was so placed, just above the water, upon a trestle-work oi' 
staging, that the drill could be placed in contact with the rock twelve 
feet below. The drill penetrated at the rate of 6^ feet per hour, and 
two holes 32 feet deep and 2J inches in diameter were drilled in a short 
time. Its performance at that place has given great satisfaction. 

The annexed iigure shows the eonstmction of a machine for drilling 
in mines or tunnels varying from four to sixteen feet high. It is ope- 
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lated by steam aiul is portable, being nearly balanced upon the two 
wheels. Bj ileprefasiug tlie handle H it tan be trundled about 




The upright frame (E E) which Bnpports the ewivel drill-head with its gears and 
drill, is attached \iy hinge-platea to the tiip aad bottom of the driviiig abait (F) and 
lonyhe swung to the riglit or left, deBoribiug n scmi-eirde. This permits drilling at 
any angle of the huidzoutol nro thus desorihcd without moviugtlie maoMne, aud also 
(ilaoing the drill-rod oloee up to the side wall of tLe tnmieL The drill-head alao slides 
np auddowii this adjustahle frame (EE) and can he Beonred at any point so as to bore a 
perpendionlar row of horizontal holes, without incnwing more than three or foni min- 
ntes' delay in adjusting the drill to each successive hole. 

The drill itself with its feed-gears and sliding gnide (O) may be turned completely 
ronnd by simply loosening ft nut oa the baok of the amvel head so that the point of the 
drill shall deaoribe a vertical oirole, at any angle of which it will bore equally well. 

The two uprights (G Or) are usod to support the driving shaft, (F.) They are made 
of common bydranjic pipe, and may lie lengthened or shortened at pleasure, according 
to the height of the tunnel. The driving shaft (F) has a sliding gear attached by 
feather and spline adjustable at any position as shown in the cnt. The sliding brace 
jast beneath this gear is need to steady the driving shaft. Motion is commniiioated to 
this shaft by means of the gear at the bottom, (D!j The hoUow frame posts (E E) are 
set firmly against the upper wall by means of extension screws (N N) which may be 
run np two or three feet if desired. The engine, water apparatus, feed-gears aild bit, 
are the same as in the prospecting drill, and the mode of operation ia essentially the 
same. When it is desired to produce holes less than one or one and a quarter inches 
diameter, it is usual t-o set the dia,mond9 so as to cut out all tlic rock, but othorwisu the 
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annular bit 19 prefei'iible. Tlie steam or compreBBeil air is lirongbttliroiujih rubber hose 
' - - "^ '' ■ a . . . . 1^ jjjjij ^jjp engiuB by pipe, (f.) — ■• ■ ■' 



exLauBtpipe. Tliis drill being nBed to bore sliort holes, may be run mnoh fnnter tban 
the other, 900 revolations per minute being a fair rate of speed. The feed may be 
varied at pleasure, and aeeording to the hanineaa of the rook fix»m 90 to 340 levolnHoiifl 



_ c inch, which gives from two to ten inehes per minute. The same advantages ai 
Hiiuared by Motion feed in this drill as in the larger one. 

The Leaeliot drill Las receDtly been introdaced ia California and is 
ill practical operation in Colorado Territory, at Clinton Gulch, in a tun- 
nel belonging to the Consolidated Bullion and Incas Mining Company. 
It was desired to prove the ground in advance of the end of the pros- 
pecting tunnel, 600 feet long, and by means of the drill a hole was made 
4174 fefi^'i horizontally, in advance, and a core brought out so as to show 
the nature of the rock for the wliole distance. The machine was placed 
in the tunnel 600 feet from the outer air and was moved by compressed 
air, supplied from a compress^ outside, 

At Shenandoah, Schuylkill County, Pennsylvania, the drill has bored 
a hole 274 feet deep, through shale, sandstone, and coal, at the rate of 
from 20 to 25 feet a day, including the time occupied in taking out the 
core, "Where it ianot essential to obtain a test core, a much more rapid 
rate of progress may be attained. 

DB lA BOCHE-XOLLAT ANB PEREET'S BOKING APPARATUS. 

In France considerable attention has been given to perfecting ma- 
chinery for supporting in the proper positions and giving motion to the 
diamond drill, and at the Paris Universal Exposition of 18G7 the drill 
could be seen daily in operation, driven by water power and boring 
]iole8 into the hardest granite. The motor was a small water-iiressure 
engine, contrived by Mr. Ferret, of Bordeaux. This consiste of a brass 
cylinder, 0"'.0o5 inside diameter, in which a piston works back and forth 
by the alternate pressure of tlie water on the faces. The length of 
stroke was O^.ISO, and the motion was changed from reciprocating to 
rotary by a connecting rod and crank. It was run with water, the 
preasnre of which vai'iedfrom 3 to 9^ atmospheres; audit is claimed that 
under the maximum pressure &om 47 to 57 per cent, of the theoretical 
efttect was realized. 

The drill-bar consists of a six-sided cast-steel shaft. 1™.45 long, bored 
throughout its entire length with a hole 0".016 in diameter. The dia- 
mond-armed ring is mounted upon one end of this hollow hexiigonal 
driU-bar, and at the other end is a brass piston, O^.ll in diameter, upon 
which the water is allowed to press, so as to keep the ring firmly against 
the face of the rock to be bored. This pressure is varied with the hard- 
ness of the rock. A pressure of eight atmospheres is sufficient forhard 
ro(rks, such as quartz and granite. For calcareous rocks, anch as lime- 
stones and marbles, five or six atmospheres is sufficient. The tool makes 
about 200 revolutions a minute. By the injection of water through the 
hollow drill-bar the powder of the rook is washed out as fast as f()rmed 
and the drill is kept cool, The drill-bar receives its mot-ion by means of 
bevel gearing. 

The following are some of the results of the experiments made during 
tlie progress of the Exposition. The pressure upon the feeding or ad- 
vancing piston, forcing the drill forward, was equal to eight atmo- 
sijheres, and the speed of rotation varied from 200 to 280 revolutions per 
minute. The rate of advance was as follows : 

In solid Mont Cenis quartz 0'".054 per minnte. 

1 11 Morvan porphyries O^.Oia per minute. 
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In granite 0'°.050 per miiinte. 

In hard calcareons dolomite O^-OSO per minute- 

The holes were eyliudrictil, and the sides were left qnite smooth, and 
were thus very well adapted to the use of cart-ridges. 

The weight of the apparatus is equal to that of the percussive drilling 
machines used at Mont Ceuis — about 200 kilograms — nnd its price, 
including the engine but not the support, is 2,500 francs. It bores holes 
O^.OSSto 0™.06in diameter and from 0".90 to 1"'.00 deep. The ring used 
was 0™.035 outside diameter and the core left was O'^.Oll in diameter. 
In regard to the cost of the diamond drill or the cost and wear of the 
diamond, it is stated in the reports upon the Exposition : 

It Is tme tlaat irhen the ring was first used a difflenlty existed in the seleotioti of tlie 
dJaiuoiitlB, as to which, from me nature of tlieir cleavage, would be the most service- 
able. The setting was not always performed aa solidly as oonld be desired ; but these 
difBcTllties have disappeared. Weliave examined two rings which were worked for 
seveu months at tlio Exposition, and whicli have perfectly resist-ed. We believe that 



about 150 francs, bnt as tlie black and opaqne diamonds used ii 
oidinarily employed in the shape of dust for polisUug transparent diamonds, and as 
their wear during the act of perforation ia very slight, they can be extracted from the 
socket in n-hich tfiey are set, and be returned to the trade with a depreciation propor- 
tiimate only to the diminution of weight. Tlie diamonds extracted from a wom-nut 
ring generally fetch from seventy to eighty francs — that is to say, about one-hiilf of 
their first cost. 

It is the opinion of Messrs. Hnet and Geyler, who, with Mr, P'Aliguy, 
reported upon this drilliug machine, that it must, in time, supersede the 
percussion drills ; and they are confident that it could be used most ad- 
vantageously to replace the percussion drills at Mont Oenis. They re- 
mark : 

We cannot refrain from making a comparison between this perforator and the one 
employed at Mont Cenia. Its solidity, proved by seven months work, gives the asstir- 
anee that twenty to twenty-two of these perforators would be sufficient for the heads 
of botli galleries, including duplicates, instead of at least two hundred and twenty 
actually existing. Mr. Sonuneiller's perforators cost the same as those of Messrs. De 
La Eoohe-ToUay and Porret. The staff would bo four t 
attend four penorators ; thus four men instead of eixl 
four buuTS at the two galleries. 

The repairs to the rings require neither forges, lathes, nor workahops ; and wo are con- 
vinced that a '\rorkmau to each gallery would be anffloient for the repairs of all tlie pHr- 
foratora. We have stated that the rate of advance in the Mont Cenis quartz wn8 0<>'.D54 

Eer minute, under a pressure of 874 kilogrnmmes on the propelling piston ; therefijie a 
ola 0".90 cottld have been driven in 16 minntea, say 20, and as each perforator should 
make 10 holes, say SJ- hours, even doubling this time for preparing the work, it will be 
seen tliat five stopes can be done in two days, including tlie tiinoior blasting and cleai- 
iug away the debris, wliioh is equivalont to an advance of a".25 per diem, instead, of 
barely Oni.SO, the actual rate of advance. 

The apparatus, of Messrs. De La Eocho-Tollay and Perret is not subjected to any 
shock T tlie pressure is exerted on the rock irrespective of the speed of the tooi, and 
such pressure can be reguhitedas maybe desired ; and when water power is obtainable, 
which is generally the case in mines and tunnels, the motive power notuaJly costs 
nothing. 

Mr. Pcrret'a machine can also bo worked by compressed air, and for this it would be 
sufficient to add a hydraulic accumulator to the perforator carriage. Snob an accumu- 
lator would be but small, since the volume of water reijuired for advancing the piston 
one meter is 9J litres, it would be sufflcient to add tno or three litres per hole one, 
meter deep for washing out the holes. 

TAiUB OF THE ANNULAE DRILL. 

A couvietion of the v&vy great value of the diamond drills, especially 
as now made and worked by Messrs. Severance & Holt, must be the 
excuse, if any is necessary, for giving so much space to the description 
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of tliem. After having seen the operation of tlie (Irills, aiicl the great 
yarietyofsaiiiplesof cores ofthehHrd rocks, such assyenite, granite, trap, 
compact quartz, magnetic iron ore, marble, &c., which have been taken 
out by tlieir nse, and after reading many of the letters from various 
jiai'ts of the country, giving the most satisfactory reports of the operar- 
tion of the drill in prospecting and in quarrying, I am satiafled that it 
should be commended to the attention of miners and prospectors every- 
where, as one of the greatest aids they can have in ascertaining the 
nature of veins and beds at conaiderable distances, either &om the sur- 
face or from the deepest or remotest points reached in their mines. Tlie 
prospective value of many mines may, by means of this drill, be v.ery 
elos^y and economically ascertained. It may be made of immense ser- 
vice not only in mines where the veins are pinched andof doubtful value, 
hut in those veins that have always been of good size and value. It 
would, for example, be important and highly satisfactory to f^cert-ain 
whether the rich vein of the Eureka Mine, at Grass Valley, GaJiforoia, 
continues to have nearly the same character and gold-bearing value for 
400 or 500 feet below the present workings. ITie shafts and prepai'a- 
tions for working could then with great propriety be projected upon a 
scale commensurate with the work evidently to be done. So, also, in 
re^iieet to the Amador Mine, Sutter Creek, the Sierra Buttes, and other 
noted mines of Calitbrnia, and the Comstock lode In Nevada. There is 
at least one prominent ca«e where this testing drill could be made of 
great service — at the Princetou vein, on the Mariposa Estate. Tlie 
shoot of ore in this vein plunges at an angle'of about 17° to the south- 
east, and has been worked about as far as it can be economically in that 
direction; and it is very desirable to know whether the shoot continues 
with the same inclination and richness far beyond the present excava- 
tions. If it does, it will be advisable to sink another shaft to intersect 
that part of the lode. A test hole could be sunk in a few weeks by 
means of this drill, and a core, showing the thickness and nature of the 
vein at that point obtained at trifling expense, compared with the cost 
of sinking a shaft ot running a tunnel. 

It is probable that tJie annular diamond drill may be advantageously 
used for cutting shafts of large diameter, inasmuch as the ratio of the 
quantity of material cut away to the size of the hole bored becomes less 
and less as the diameter of the bore increases. A large core would be 
left, but this could be readily broken out by blasting in a central hole. 

Among the great advantages of such shafts would be their truly cyl- 
indrical torm and smooth sides. 



CnAPTEE V. 

BORING DEEP WELLS EOE WATER OR OIL. 

Within ten years aeventy-five artesian wells have been bored in the 
desert of Sahara, yielding in the aggregate 45,000 litres of water per 
minute, or 64,800 cubic metres in twenty-foiu- hours. Apartoftliis 
desert has been made fertile; two villages have been created in the 
midst of the former soUtudes, and 160,000 palm trees have been planted 
in more than a thousand new gardens. This is an indication of the great 
results m store for those who may undertake the work of supplying 
water to the marvelously rich soil of the Colorado desert in California. 
The strong arm of the government should be reached out in the initia-. 
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tive to restore fertility to saclt a bi'oad area of the public lantls, now 
not only wortlUess but a positive barrier to tUe settlement of that part 
.of the country, and to transportation between the coast region aud the 
interior. 

Artesian well-boring has been practiced in California since about 1853, 
-when several wells were pierced in the recent strata overlying the rock 
formations of San Fi-andsco. Since then a great number of borings in 
the Santa Olara and San Jos6 valleys, and in other portions of the State, 
have been very successful. A.t Stockton a well has been pierced to a 
great depth, and an abundant supply of potable water obtainetl, which 
rises above the surtiice and supplies the city. The great trougli-like 
valleys and basin-shaped depressions throughout CaKforuia, Nevada, and 
adjoining regions present conditions favorable to the success of artesian 
borings ; and although an overflowmg fountain cannot in all cases be 
expected, yet there is little reason to doubt that an abundant supply 
may be obtained from the borings by pumping. The Sacramento, San 
Joaquin, and Tnlaare valleys, all iuvite a resort to artesian borings for 
water to irrigate their lower and more- arid portions, where in mi<l-sum- 
mer the drought is excessive. The Colorado desert, already mentionetl, 
is another region where artesian borings may supply the only retiniaite 
for extreme fertility. 

The most siniiile and the most ancient form of apparatus for piercing 
the earth to gi-eat depths is that adopted by the Chinese. It consists 
of a rope ai'med at the lower end with a tool of ii'on or steel. "We are 
indebted for some of the earliest infonnation in detail upon tliis siibject 
to the missionary, Imbert, In 1827, who reported that in the Province of 
Ou-Tong-Kiao there were many thousand borings within an area of four 
leagues by ten^ carried to a depth of nearly 1,800 feet in search of sfiliue 
water and peti"oleam. Some of these borings, after the exhaustion of 
their brine, had been pierced to the depth of 3,000 feet, and had reached 
sources of carbureted hydrogen gas, wbieh was used to produce the 
heat necessary for the concentration of the saline water. 

A simple derrick, with a poUey above, and reel below tvora which the 
rope 18 unwound as the hole deepens, is nearly all that is required be- 
I sides the perforating tools. Cords are attached by means of 
clamps to the rope between the pulley and the reel, and by pull- 
ing upon these cords the drill is alternately raised and dropjjed. 
' The vertical movement of the drill ranges fl:om one to two feet 
^ or more. The drills are made in various forms accoi-diug to tlie 
nature of the rock to be peneti'ated. A French engineer, M. 
, JobaiMl, uses a heavy cylindrical head of chilled cast iron at- 
— taehed to a long Iron lod, as shown in section by the figure. 
i The extremity of this rod is armed with a steel point, which pro- 
I Jects below the cutting face of the cylinder, and serves to center 
1 the hole like the point of a carpenter's center-bit. 

The surface of this cylindrical drill-head is channeled, so as to 
I give room for the powder formed by the cutting to rise around 
it, and tJie upper part is provided with a conical cavity, c c, into 
which the loosened materials fall, and are removed from the hole 
when the drill is drawn out. The small figure, d, below the sec- 
U tion, is a view of the end of the drill, and shows toe arrangement 
'^d.ot the cutting edges and grooves. The rod a may be several 
^ yards long, and is provided at the top with ci-oss-bars of steel, 6, 
I intended to act as guides to keep the tool vertical. If it is de- 
sired to make the hole larger, in order to introduce tubing, it is 
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only necessai'y to suspend tlie tool a little to one side of tlie axis, it will 
then bang witli more less inclination in the hole, and cut out the si 
in its descent. This would not be safe in loose rock. 

Another form of drill was designed and has been most sue- ■ 
cessfuUy used by M. Goulet-Collet, of Eheims. It consists of | 
a cylinder of heavy sheet-iron, two metres in length, suspended | 
by a chain, and armed at its lower end with an annular cutting | 
head of steel, a, in which two knives or chisels are placed aeross f 
the opening, as shown' in the end view at h. These chisels serve 
to cut the rock, while the water and sand are ftee to rise through / 
the cylinder. The removal of the debris is effected by another \ 
tool, although this cylinder may be provided with valves like a 
sand-pump, and thus serve the double puriwse of drill and pump. 

When tiie rocks are not too hard for this form of tool they may be 
pierced with great rapidity. According to M. Debette, irom whose de- 
scription the foregoing is compiled, M. Gonlet-Oollet, with two workmen, 
could bore from eight to eleven metres a day in the chalk of the cretaceons 
formations of Champagne. He would also contract to bore weUs to 
any required depth for nine francs per metre. He had made in the 
course of several years nearly one hundred borings, and each had given 
good water, for a total cost ranging from 150 to 300 francs. The ap- 
paratus did not cost over 500 fi^ncs. 

The methods of boring employed in California are substantially the 
same as those for oil wells, to be hereafter described. The rope is used 
in preference to rods, and there is no peculiarity in the method worthy 
of special notice. 

In Europe boring with rods rather than rope is preferred. These 
rods are made of elastic wood, or of the best quality of iron. In the 
latter case the sectional area depends upon the depth to which the hole 
iis to bo bored, varying as shown by the annexed table : 



Deptli of hole. 


Diametei- of 
hole. 


Section al are.l 
of roils. 


Oto 50 

50 to 100 

100 to 200 

■m uml beyond. 


Metres. 
0.05 to 0. 6 
0.06 to 0.10 
0.10 to 0.15 
0.15 to 0.25 


Meb-es. 

0.035 

0^045 



well has been bored to a depth of 535 metres, with 
rods of 0™.O25 section. The length of rods is limited only by the height 
of the deiTicks, It is usually between four and eight metres. 

As already remarked, great improvements have of late been made in 
the apparatus for boring to great depths, and esiiecially for sinking 
wells several feet in diameter. The success attending the boring of the 
celebrated well at Grenelle, Paris, has led to the sinking of still larger 
ones, in order to give a more abundant supply of water and meet the 
necessities of a rapidly increasing population. In 1867 two wells were 
in progress— one in the suburb of La Ohapelle, in the northern portiou 
of the city of Paris, by MM. Degous^e and Laurent, and the other at 
Bntte-aux-Cailles, in the extreme south of tlie city, by M. Dru, for- 
merly Mulct & Dru. These uew wells were to be, the one five feet in 
diiiineter, and the other about four feet. The following are the depths 
and dimensions of the older wells ; Height above the sea, at GreneUe, 
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12L3 feet; at Passy, 305.2 feet; depth of bore-hole, at Ureiielle, 1800.7 
feet; at Passy, 1923.7 feet: iiiteinal diameter of tube, or lining of hole, 
at Greiielle, appi-oximately, 9 inches to 6 inches at bottom ; at Passy, 
2.4 feet. The full diameter of the Passy bore-hole was one metre, or 
3.2S English feet. 

The Universal Exposition of 1867, at Paris, contained flue illustrative 
■specimens of the tools and apparatus now used hy Messrs. Degous^e and 
Ch. Laurent, In the notice of them, and of the operations of iioring 
■which follows, I have used not only my own notes, made ui>bn the spot, 
bat portions of 'the report of the United States commissioner to the 
Exposition. 

The apparatus, donbtless, does not present, for the most part, the 
interest of a new invention ; but in examining the details of its con- 
struction, it 1b ea«y to see that the novel and diversified condition in 
which the sinkings have been executed, and the unforeseen accidents 
which these have produced, have been studied with great care and in- 
telligence by these able engineers, and that all the teachings of pme- 
tice have been profited by and have led to many important modifications 
and simplifications of tlie forms of the tools. 

The boring rods applicable to artesian wells, before the wells of Passy 
were sunk, did not exceed 0".30 in diameter. The two wells uiider- 
t-ahen by the city of Paris — one at La Chapelle, by Messrs. Degous^e 
and Ch. Laurent, the other at La Butte-aux-Cailles, near the Ivry 
station, by Messrs. Dru Brothers — have been commenced at a diameter 
of l"-.80. 

The boring apparatus comprises two essential parts — the tools which 
serve to excavate the earth, and the appliances at the surface for 
working or handling the tools, whicli become much more important as 
the diameter of the wells or shafts is increased. 

The following are some of the details of the construction and dimen- 
sions of the tools used by Messrs. Degoas^e and CL. Laurent at the 
artesian wells of La Ohaiielle : 

The machine is worked by a horizontal steam-engine of 15 horse^ 
power. The Hy-wheel shaft makes 50 revolutions per minute. It car- 
ries, first, a pinion of 0'".30 diameter ; secondly, two brakes ; thirdly, 
two clutches ; fourthly and lastly, a pulley of l'".oO diameter. 

The pinion of ©"".SO diameter drives a toothed wheel fixed on the axle 
of the drum of the capstan, upon which the chains for lifting the shafts 
of the borers are wound, and also the percussion and cleansing appa- 
ratus. The diameter of tlie drum of the capstan is 0"'.55; its length 
is 1™.60. It has a spiral groove which guides the chains and causes 
them to wind regularly upon it. The pulley of 1",60 diameter is belted 
to another pulley of 1™.00 diameter, fixed at the extremity of an axle 
which carries at the other end a pinion 0™.40 diameter. This pinion is 
geared with a wheel of 2in.0O diameter, fixed on a second axle, where is 
also fixed the crank-plate which, by means of a connecting rod, gives a 
reciprocating motion to the striking beam. This beam is supported at 
a pomt about two-thirds of its whole length distant from the connect- 
ing-rod end. 

The two clutches mentioned serve, on one part, to throw into gear the 
pinion of O^-SO witli the driving wheel of the drum of the capstan, and, 
on the other part, to drive the pulley of 1™.50 diameter, keyed on the 
fiy-wheel shaft, by which motion is given to the striking beam, at the 
end of which the boring tools are attached. 

Tlie two brakes placed upon the fly-wheel shaft are for the puriwse of 
regulating the speed of the descent of the tools, the weight of which 
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might cause a great acceleration of speed, and, couseqneu tly a fracttire^ 
whicli is always to be dreaded. 

Tlie timl>er framing which forms the derrick or tower for the sinking 
of the wells is more simply arranged than that adopted by Mr. Kind in 
his constniction for sinking large shafts. The tools, in place of being 
received upon a platform about tea metres above the surface, are upou 
the siufitee itself, and it is, conseqnently, much more easy to work them. 
The linked chain for lifting the tools has stood the wear of ten years 
without any accident; while the breaking of the cables employed in the 
system of Messrs. Kind and Chaudron have occasioned serious accidents 
and delays. 

At the boring of the weUs of Passy, undertaken by Mr. Kind, there 
were two machines of 25 horse-power, one of ll> horse-power workin g the 
striking beam, and one of 15 horse-power working the cajistan drum. 
The trepan, at the shank, did not weigh more than about two tons. 
Messrs. Degoiis^e and Ch. Laurent used an engine of only 15 horse-power 
to work their trepan, which weighed about four tons, and to bring the 
broken or bored earth to the surface. This engine did not require any 
repairs, excoirt such as ai-e ordinarily necessary during a service of two 
years. 

BOEING TOOLS OF DEGOUS^ AND LAUEEHT. 

The construction of the trepan employed at the artesian well of La 
Ohapelle differs completely from that of Mr. Kind. It is composed of six 
branches, so arranged as to break up the earth ui an annular belt or 
zone, leaving a central core. The six teeth, which are keyed into the 
blade-holder, are 0".35 wide, and the mode of fixing them into the six 
branches is so secure and solid that, up to this date, no accident has 
happened. Even when a tooth becomes uukeyed it cannot get out of 
the blade-holder, while at the shaft of the Hdpital there have been 
tweuty-three teeth ont of their sockets, all of which fell into the shaft. 
Oue of these accidentia caused a stoppage of a month. 

The percussion of the trepan with the regular rotating movement cuts 
out an annular channel of 0™.45 to 0"".5O large, leaving in the center of 
tlie shaft an unworked piece of earth, or core, of O^'-SO or 0".90 diameter; 
This mass, when in slightly coherent earth, crumbles down and forms 
!ui irregular cone. In this case they holt on one side of the center of 
the tool a radial or a tnnisverse blade, which triturates the core. 

This trepan weighs about four tons. Its first cost is greater than that 
of Mr. Kind's, bnt it proves in practice to be much more solid and dura- 
ble, and it works better. 

Messrs. I>egous6e and Ch. Laurent have been very snccessfnl in giv- 
, iiig a free fall or drop to their trepan. With more than ten thottsand 
■ blows, the trepan has not once failed to be caught again upou the de- 
scent of the rods, and its fall has silways worked with the greatest regu- 
larityj while at the shaft of the Hdpital eighteen fractures of pieces of 
the slide have occasioned a stoppage of more than a month. The con- 
trivance for the free fall of the trepan is constructed as follows : A mov- 
able piece surrounds the shaft above the hooks and terminates in a 
fork, of which the two branches extend below the cutters and touch the 
bottom of the bore. This piece is not lifted, unless the borer is raised 
more than the stroke allowed by the collar which attaches around the 
books. The upper part of the hooks lifted by the boring rod slides, 
therefore, in the collar, audj meeting a striker which makes them open, 
the tool immediately falls with all its weight on the bottom of the bore. 
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The boring rod, beiog lowered. Catches tbe tool again by the hooks, and 
this a-ctioii is repeated so as to obtiiiu a saccession of blows. 

The suspension rods employed by Messrs. Degous6e and Ch. Laurent 
are of iron. They have a section of 0™.O46 square, and are 12™ .00 long. 
These rods have worked for two years without accident, and they are bet- . 
ter than those made of wood, for the following reasons : It is evident that 
wood at a great depth will acquire from the pressure of the water a density 
at least eqnal to that of the water ; and, moreover, the iron fittings add to 
the weight in a certain proportion ; and if we compare the sections of 
the shafts or wooden rods of the wells at the Hdpltal with those of iron at 
the wells of La Ohapelle, it is seen that the metre in length of the first 
weighs at least 35 kilograms, (70 pounds,) wldle that of the second does 
not exceed 16 Idlograms, (33 pounds.) It is true that, as the wooden 
rods displace a grciter quantity of water, their weight is diminished; 
but this smaJl advantage is largely overbalanced by their rapid deteri- 
oration, whether in store or at work. The wood iu drying heats and 
loses its qualities. Well made, their construction appears sufficiently 
costly to make the matter of renewing them at each sinking rather an 
important item ; they augment sensibly the cost of work to be done. 
On the other hand, the iron shafts that can be balanced, as practiced by 
Messrs. DegousSe and Laurent, require for their descent and elevation 
but a little more force, and with steam-engines this increase of expense 
is BO little tlmt it may be disregarded. 

The draining and cleaning tools of the wells at La Ohapelle differ 
equally from those of Mr. Kind, and they are, perhajis, superior. The 
modification of the trepan intended to work out the annular groove or 
zone led to a modification of the auger, which is annular and composed 
of nine augers joined together, of 0"",35 diameter. 

The spoon or bncliet which lifts the detritus in the middle of the wells 
is a cylinder l^.OO in diameter, and 2'".50 in height. The bottom, in 
place' of carrying two valves, is pierced with seven round holes, which 
are closed by hemispherical hollow valves, carrying in their axis a shaft 
which traverses the whole leugtli of the spoon. This shaft is terminated 
by a handle which permits the workmen to lift up the valve in order to 
empty out the mud when the bucket is withdrawn from the well. . This 
arrangement is intended to obviate the inconvenience of the hinged 
valves, which often, by not completely closing, let the matter iu the 
bucket escape duriug the ascent of the dredge. 

The bueliet at La Ohapelle is emptied with great ease, it being lifted 
one metre above the surface and placed on a httle truck, which carries 
it immediately under a crane placed at the side whei-e the contents are 
to be emptied. 

The recovering tools are composed simply of the ordinary screw bell, 
{elocke A vis.) a grapnel, and a new form of pincers, with four branches. 
These four branches are arranged iu a parallelogram, and one of their 
ends is fixed to a single piece bored and tapped in its center. It is easy 
to understand the part this plays : in raising or lowering the nut in the 
screw, which is attached to the boring rods, the four branches expand 
or contract at will, and, resting ou tlie bottom of the well, they sciac 
the objects which may be there. 



The artesian well of La Chapelle traverses the Tertiary strat-a of the 
Paris basin, and penetrates the chalks and marls of the Secondary. 
According to the agreement between the contractors and the city, tlic 
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boring la expected to be 600 metres deep before it reaches tbe ■wiiter- 
beariug bed of tbe green sand formation. After working two years, the 
well has aheady (1867) reached a depth of 337 metres, but it has been 
found necessary to tab or line the sliaft to avoid the caving which wonld 
inevitably happen without it. 

A first column of sheet-iron liuiiig, 1",80 diameter, 34"'.50 high, and 
weighing about tblrty-six tons, was put in immediately below the pre- 
paratory pit, wliieh last was lined with masonry to a distance of about 
six metrea below the surface, where the working platform was placed. 

A second column, 1"'.70 diameter, 135 metres high, and weighing 11 
tons, was next put in ; and lastly, a third colamn was put down just to 
the chalk. This column has a height of 139 metres, its diameter 1"'.37, 
and its weight about 110 tons. 

The columns are made of sheet iron of a mean thickness of 0'".02 ; 
the height of each section being determined by the breadth of the iron 
plates. These plates were fastened together by rivets with countersunk 
heads, so that the interior and exterior surface of the lining were quite 
smooth. 

To form one of these cylinders, ttco sheets of iron of the thickness 
of 0"'.01 are taken and riveted together in such a manuer that one of 
them, the inner one for example, projects slightly beyond the other, and 
thus forms a shoulder to which the next section above can be riveted. 
By this arrangement it will be seen that each column of tubbing pre- 
sented the same diameter throughout its length. When the sections of 
the column are thus prepared, they are lowered and pnt together as they 
descend into the well. 

This operation is performed in the following manner : 

A wooden frame is made and supported upon a wheeled truck. Tliis 
frame is composed of two strong vertical walls of a height of four or five 
metres, connected at their upper part by a cap or top, to which four nuts 
are fixed to receive four screws intended to sustain the pipe in its descent. 
Each of these screws is worked by two men by means of a crank and 
bevel geailng conveniently arranged. 

The lower part of these four screws is fixed to a strong circular wooden 
plate, about 0™.50 thick, and equal in diameter to the inner diameter of 
the column that is to be lowered. 

Upon the working platform a species of tubbing in wood is placed, the 
interior diameter of which is equal to the exterior of the iron tubbing or 
cylinder. Theheightofthistubbingis two metres; the segments of which 
it is composed are united together, andean be drawn together or expanded 
by means of screws, so as to squeeze the column and act as a clamp or 
support during its descent. When this kind of tubbing is put in place, 
and the frame which carries the screws is put in the axis of the well, the 
flrst section of pipe is breught forward and placed over the well. Pre- 
viously several iron ears are bolted upon the interior face of the tub, and 
about a metre below its upper edge, the use of which will be presently 
explained. Other projecting ears are fixed in the inside of the tub, and 
on these ears the lower part of the wooden plate is allowed to rest, and 
is tlien bolted to them. When the work is thus prepared, this first tub 
is lowered until the outer ears rest upon the upper edge of the wooden 
tubbing which surrounds the column on the outside. The inside ears 
are then removed and the pipe is supported upon the outer tub. The 
inner plate of wood is then Ufted np by the aid of the screws, and the 
rivet holes of the ears are closed up by hot rivets with countersunk 
heads. The second cyhnder is then placed in the axis of the well. This 
second cylinder has inside and outside ears like the first, and the circu- 
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lar plate is introduced and bolted to tbe ears. These hold it at its upper 
part, and it is theii lowered regularly, with the aid of the screws, until 
the lower part fits into the first cyliiidw. The two sections are then riv- 
eted together by hot rivets. The tub ia then lifted a little in order to 
remove the outside ears of the first section of the cylinder, and the whole 
is allowed to descend by its own weight till the onter ears of the top 
cylinder rest in their tarn upon the upper part of the wooden tubbing. 
They proceed' in the same way for all the other sections of the column or 
tubbing of the well until it is finished. 

The lowering screws are each calculated to withstand a strain of fifty 
tons; but to prevent a too rapid descent of the lining when it has at- 
tained a considerable weight, Messrs. Degoua6e and Ch. Laurent make 
use of the species of tubbing upon tbe surface of the working pits already- 
noticed. This tubbing not only serves to guide the column and to mate 
it descend vertically, but also, and above all, to act as a powe^^faI brake, 
and thus enable the workmen to control the velocity of the descent at will. 

Tightening the segment screws gives a strong compression and fric- 
tion over a heiglit of two metres, sufficient to control the descent of the 
tubbing. 

The three columns of sheet-iron lining, which have been mentioned, 
■were put in place by this system of operating with the greabist ease, at 
the rate of tour metres a day, including the time spent in riveting the 
sections of the tubbing. 

When the artesian well of La Chapelle is sunk to the deptli of 600 
metres, a tub in one column will be lowered to the same depth. Messrs. 
Degousfie and Oh. Laurent propose to employ the same method of lower- 
ing, and there is no doubt that these able engineers wid succeed com- 
pletely in this magnificent work. 

The false bottom for the tnbbing, which is' used by Messrs. Kind and 
Chaudrouj would not answer in this case, because it would prevent the 
water &om rising in the well. The work canied forward at La Ohapelle 
proves that by the system ti niveau pldn, of sinking firom the surface, 
large shafts for mines can be executed by the tools and method of Messrs. 
I)egous6e and Oh. Laurent with gresit success in similar tbrmations. 

At the well bored by the Messrs. Dru, tlie depth at the end of A]>ril, 
1867, was nearly 500 feet. The weight of the boring tool was over 2 tons 
18 ewt. The rods were, for the most part, of wood, with iron connec- 
tions, and 10 metises long ; two rods, or a length of 20'", were raised and 
lowered together. 

BOKING FOE COAL. 

One great nse of boring apparatus abroad is, to ascertain the thick- 
ness and natm'e of the strat-a that over-lie coal oeds, and thns to know 
the position of the coal and the probable difficulties and expense of sink- 
ing shafts to reach the beds. Itis also employed to ascertain the nature of 
the fanlts and dislocations of the beds; the extent of ancient pits and 
workings, and to drain such places by piercing to them ia advance of 
the new galleries. In the coal district at Zwickau, Saxony, mining con- 
cessions, are not granted iiutil coal has been discovered by a bore hole 
or other means. The Briiekenberg company prospected their ground by 
boring toa depth of 363 fms. before they found coaL The following ai* 
the dimensions of the hole in Sason measure : 

DiairicLer. 

Ist 24 feet 6 feet. 

265 feet 20 ijiclios. 

ISOfeet 18S inches. 



,dhy Google 



BORING FOR PETROLEUM. 



315 feet 17| iticliiiS. 

440 feet 1 5| iuches. 

360 feet 14| uiclies. 

230 feet , 12A inches. 

123 feet ll| inulies. 

198 feet 10 iucbes. 

73 feet 8^ iiiclies. 

47 feet 7 iiiclies. 

50 feet iiielies. 

For many snch operatious, the diamond drill, already 
fully discussed, ma,y be fonnd superior to the appintus ^% 
ordiuarily employed. ^ 

BOEING rOK OIL. 

The discovery of petroleum iu quantities in M estern 
Peunsylvania, West Virginia, Ohio, Canada, and othei lo 
calities, has given a great development to the art of well 
horing in the United States, The cumbrous pole-tools hive 
been rejected, and the cable, upon the ancient Ohineie sjs 
tern, substituted. 

The gi'eat advance has been in the constrnction of the 
tools, and in the adoption of simple apparatus for giving 
motion to the drill by means of steam-power. For prospect 
lug and for sinking to moderate depths of 50 to 150 feet, 
the spring-pole, worked hy hand, is frequently employed. 
Tills was the apparatus chiefly used in California a few 
years since, when the oil regions were prospected. 

The coustruetiODS in common use in Pennsylvania 
at the oil-wells, and used for a time during the oil 
excitement in California, consists of a derrick, bull- 
wheel, hand- wheel, sansom-post, and walking-beam, 
aind a portable steam-engine. The descriptions and 
dimensions given below represent the average as 
determined by experience 

The derricks are usually eonstmeted of plank and 
boards, when they can he obtained, or of anhewed 
poles. They rise to a height of 50 to 60 feet, and 
taper upward from a base about 15 feet square. 
The standards are of two-inch plank, 8 inches 
wide, and the cross-braoea 8 inches wide and 1 
inch thick. The tools are suspended by the cable,' 
■which, passing over the pullyat the top, descends 
at the side, and is wound upon the i^um of the 
buU-wheel, the shaft of which rest on bearings in 
the standards. The drum of the buU-whee' 
about 10 inches in diameter. 
The walking-beam, of wood, 26 tfeet long, is bup 
I ported at the center upon the top of the sansom 
post. One end is connected by a pitman, with a I 
crank of 22 inches radius, upon the end of a shaft 
1 receiving motion by a belt from the engine ; the 
^^ other end, projecting within the derrick and di _^ 

hocket rectly over the well, carries, suspended, the tern Temper^ 
5 w 
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per-screw, to which is attached a clamp foi 
seizing upon the rope. The i-otation of the 
erank-abafb gives a reciprocating motion to 
the end of the beam, and tliis is imparted to 
the rope, carrying the tools at its lower end 

The tbrni of the temper-screw is shown bj 
the flgnre. By this the drill may be lowered 
■fed ont" to a certain extent during the 
progress of boring. The rope is seized and 
held fast by the clamp; and when the whole 
length of the screw is fed out the position ot 
the clamp is changed. 

The drilling tools consist of center-bit^ 
learners, an auger-stem, sinker-bar, and the 
"jar," besides a socket for attaching them 
to the lower end of the rope, and wrenches 
and other accessories to aid in attaching 
iiid unscrewing the bits. There are, besides, 
1 vaijety of tools for recovering broken bits 
or other parts of the apparatus lost in the 
well, and sand pnmps for removing thed^biis 

The bits are represeuted by the annexed 
cuts. They are 3| inches broad ou the face 
and the reamers are 4^ inches. They aie, 
made, however, of various sizes, and all ha^ e '< 
sti'ong square shanks, so that they miv be' 
firmly screwed into the auger-sten male of 
JJ inch iron and 20 feet long. 

The "jar" is a contrivance by which the 
auger-stem and bit is, in a measure de- 
tached fcora the rope. By it a blow oi sud 
den jerk may be given upwards 
loosen the bit in case it becomes 

1 




becomes wedged 1 1 the 1 jle, while th 



It t 



I i 



TTiiirurfrT"'^™^'*!^^''' 



li 



'Tffj 



^«1 riimiMMiiiiiiiiiiyjJijlIp 



The Jai 

each stroke It seires ilso to maintain the tension of the rope during 
the stioke These iirs aie made of IJ-inch iron on the sides, with 12- 
inch heads md 18 inch strol t 
The sinker bii, 10 feet lon^, is attached by a screw to the npper end 
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of the jar, and above tUis is the rope-socket, securely united by means 
of rivets to the end of the rope. 

The bite a.nd other parts of the driUiug tools are connected and M 

disconnected by means of two large wrenches, 3 feet 9 inehes |h 

long, with broad flat heads, shaped as shown in the flgarea. ilj 

The drilling ropes or cables vary from IJ inch to 13 inch ll|9 

diameter, and weigh from iS pounds to 86 pounds per iM 

100 feet. f 

The sand pumps made of heavy sheet non, oi of 
galvanized iron, sometimes of copperj are L *" 

I ibout 5 feet long, and from 3 inches to 4 If ' 

I, inehes in diameter, and are fitted with leath 
valves resting upon ii-oii seats, as mdi 
j cated at the lower end of the flguie 

These tools, and the iron fittings foi the 

walking-beam, wheels, and othei parts ot 

the apparatus for well-boring, are manufa* 

j turetl by Messrs. Hart, Ball & Halt, ot But 

I filo, New York, to whom I am indebted tor 

the illustrations. The steam-engines in use 

ire portable, and generally &om 8 to 10 

horse-power. A 900-foot well can be drilled 

with an 8 horse-power engine. Eope foi a 

well 900 feet deep, with the tools, mil weigh ^ 

>bout 800 pounds. * 

Before commencing to drill it is usual to f 

drive doivn a cast-iron pipe through tin 

I loose soil and aUuvial deposits until thi 

hrm bed-rock is reached. These pipes an 

made in lengths of eight feet, and are from 

flie to SIX inches m diiraeter They an 

I joined together, end to end, by means ot^- 

wrought iron b luds carefully welded audftf^. 

sized to shiiuk on to a shoulder tumed% 

upon each end ot the pipe m a lathe, t 

that a flubh joint is toimed by the baud 

I The lowei end is made '^haip, and the baud 

IS edged with steel. This form of joint his 

been patented by Mr. BoUeSj whose name it 

bears, and it gives gi'eat satisfiictiou. The 

flve-iuch lengths weigh 35 pounds per foot 

or 440 pounds iu all; and the six-iuch 09 

pounds per foot, or 553 pounds per length 

For Uning the wells wrought-iron tubing is 

I used, made with screws and sockets ot with 

flush joints, but always smooth-finished m 

side. The sizes vaiy. For the light kinds, 

from one and a half to four inches for the 

inside diameter, and &om 1.66 ponud to 

J pounds per foot. Theheaviertubingranges 

faud irom one and a half inchesin diameter, andg(,._^_ 
Pnmp 2.70 pounds per foot, to 6 inches, weighing 18.7 pounds i 
These large sizes are seldom used for oil wells. 

Pumps are made of wrought-iron pipe lined with heavy seamless brass 
tubes bored perfectly true, or of heavy brass tube alone. One of the 
last-mentioned constrnctiou, five feet long^, is shown by the annexed 



ft 
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figure, in wliicli a portion of the interior is seen with tile two valves and 
boxes. Those valves are made of gan-metal, and are fitted witli great 
care. The paeldng is made of the heat oat-tanned leather. Ball valves 
are generally used. The pump bere represented is manufaotured by the 
Messrs. Hart, and they have made an improvement upon the ordinary con- 
struction, by which the lower ball valve may be loosened from the top 
of the guard over the vtdve seat, to which it sometimes becomes attached 
by the accumulation of a deposit. A projecting point at the bottom of 
the upper bos enters the hole in the top of the lower box, andthus forces 
down the hall. The portion of this projection nearest to the box has a 
screw thread cut upon it, and may be screwed into the box below, so 
that they may both be drawn out together. The pump barrels are 
usually five feet in length. 

At ^e top of the well a stuffing box and elbow pipe is fitted. The 
constructiou of this box and the form of the joint for attaching to the 
sucker rods is shown in the figure. The stuffing is kept in place and is 
pressed firmly upon the plunger-rod or piston by means of the tbllower, 
made of brass. The plunger-rods are five feet long, are made of one- 
inch diiiiiieter cold-rolled iron, and are perfectly polished. 

One other. important at^unct of a complete oil well is the seed-bag, 
the use of which is to form a water-tight joint or packing around the 
tube or lining of the well, and thus shnt oft' all communication between 
the water of the upper strata and tiie oil-bearing crevices or chambers 
below. 

This bag is made of leather, and is fiUed with flax-seed. It is put 
aroiind the tube and is pushed down to the proper place, and soon l>e- 
eomes so much swollen by the absorption of water, tlmt it fills the space 
between the tube and the walls perfectly, aud shuts off all communica- 
tion around the tubing for either water or oil fi:om above or below. 

THE AMEEIOAN TUBULAR WELL. 

A very expeditious and simple apparatus for obtaining water, where 
it is not at very great depths below the surface, and in alluvial soil, is 
here worthy of mention. It is known as the tubular pump, or tubular 
well, and consists merely of a wrought-iron tube an inch or two in di- 
ameter, which forms the pump barrel. This is fitted with a valve near 
the bottom, and tipped at the end by a sharp-pointed steel plug. This 
sharp point permits the whole tube to be driven down into the soil until 
the watery ground is roEbched, when, by raising the pipe a few inches, 
the plug is detached, and the lower end of the pipe is left open, while, 
at the same time, a small water chamber is formed. By inserting a 
pump-rod, with a lift-box, water may be pnmped to the surface in a con- 
tinuous stream. 

This simple pump has worked well in sandy and gravelly soils, and is 
said to have been of great service to the British forces in Abyssinia. It 
could doubtless be used to great advantage in many places tliroughont 
the Great Basio and in Califomia. 



CHAPTER VI. 

BOEING LARGE MINING SHAFTS. 

The methods of boring shaft* of large diameter have of late years been 
can'ied to great perfection abroad, especially in France aud Belgium, 
aud there is little doubt that tliey might be introduced with advantage 
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in some sections of the wesfern coal-lields ; and perhapa, also, in the 
metalliferous regions among the harder metamorphic rocks. It is there- 
fore deemed appropriate to give a short descriptioii of these methods 
and of some of the great results which have been achieved. 

Probably the most important advance in the art of raining, of late 
years, is in the sinking of large shafts by boring. Boring into me earth 
to great depths is no longer confined to explorations in search of water 
or oil, liquids which will freely flow out in quantity through small open- 
ings, but it is now resorted to for the construction of deep shafts through 
which solids, such as coal and metallic ores, are to be hoisted. 

Even artesian borings have been increased in size until they resemble 
rather mining shafts than the former boring-s, only a few inches in di- 
ameter. The art of boring has received a great impetus from the ne- 
cessity of boring larger and deeper wells for the supply of the city of 
Paris with water. Several wells have been commenced with a diameter 
of more than three feet, accounts of Avhich were given in a former 
chapter. 

In order to bore shafts and wells of such great diameter it is necessary 
to use tools of immense size, weight, and strength, and steflm-power to 
move and work them. The great impi-ovements are due chiefly to 
Messrs. Fantet, Drn, Degous6e and Mulot, in France; Sello^ Kind, and 
Oeynhausen, in Germany ; Jobard, GuibaJ, and Chaudrou, m Belgium. 

The moat striking feature, next to boring, of this system of shaft- 
sinking, is that the work is executed and the shaft is lined witliout 
pumping the water out of the excavation. The sinking proceeds under 
water, and the shaft is not drained or entered by miners until it is com- 
pleted and lined from top to bottom. 

The method thus finds the most useful application in regions where 
the strata to be passed through are highly charged with water, and, in 
fact, it owes its perfection to the necessity of penetrating through wa- 
tery and diificult ground in the northern French coal-fields. The ex- 
pense and extreme difflcultj' attending such opexationsin the ordinary 
way is well known. Burat estimates that a capital of upwards of 
ifeOtKI.OOO is expended in opening a coal mine with a productive capacity 
of 100,000 tons annually. Examples of a still greater outlay ai* not 
wanting. Warrington Smyth, the great British professional authority 
npon mining, states that, in consequence 'of the dif&culty of piercing 
through the strata overlying the coal in Durham, England, sums of 
£40,000, £60,000, and, it is even said, £100,000, have been expended on 
a single shaft. 

As eariy as 1860 M. Chaudron succeeded in sinking an air-shaft at 
P6ronnes, where the watery beds extended fi'om the 43d metre to 105 
metres in depth ; a:id M. de Vaux, inspector general of mines, Belgium, 
reported in 1861 that the work had been executed for less than one- 
quarter of what it would have cost if sunk in the ordinary way. 

In the coal basin of Saarbrnck, in the north of France, at L'Hdpital, the 
Saint Avoid Company desired to sink two shafts, one for ventilation, and 
the other for extraction. There were 150 metres in thickness of water- 
bearing strata to be passed through. After numerous unsuccessful 
efforts before the year 1858, and an expenditure of more than 21,000,000 
francs, about $4,200,000, the attempt to execute the work in the ordi- 
nary manner was abandoned, and recourse was had to the engineers 
Messrs. Kind and Ohaudron, who, by the boring process d, niveauplein, 
succeeded in sinking and lining the two shafts in the most satisfactory 
manner in less than thirty months, and at a cost of less than 700,000 
francs, which includes the cost of installation and the tools — nearly one- 
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seventh of the whole sum. The tools used in this wovk, and sections of 
the cast-iron lining or tubing, were exhibited at the Exposition of 1867, 
and have been reijorted upon in the series of repoi-te by the United States 
ooinmissioners. They are also described in the reports of the interna- 
tional jury, and I am indebted for many of the figures here given, sup- 
plementary to my own notes at the Exposition, to the report of M. Ger- 
naert.* 

Tlie tools consist of enormous trepans, one of which weighed no less 
than 14,000 kilogrammes, about 15 tons, so large and ponderous that 
it was hardly possible to conceive of its being suspended in a shaft, and 
made to rise and fall upon 
the rocks at the bottom. 
The general construction of 
the ti-epans will be under- 
stood from the annexed iig- 
ures. The massive frame- 
work is ai-med at the bot- 
tom with stout chieel-like 
teeth of steel, securely at- 
tached in conical sockets, 
and, in the most approved 
forms of the apparatus, 
bolted in, or so strongly 
keyed that they cannot be 
njonXFUir^ QUUimill loosened and lost out iu the 
pit during , the violent 
efi^epans. shocks of working. Thean- 

uexpd figure shows the form of a full-blade trepan, {d, lamepleine,) as 
used by Messrs. Dru Brothers, successors to 
Messrs. Mulot, in boring at the Butte-aiix- 
Cailks. One of the preceding figures 
shows the construction of a trepan with a 
ffuide rod at the bottom, as used by M. 
Kind, for enlarging holes already, bored 
b\ a smaller tool. This form is made with 
I detacliins apparatus at the top, (not 
shown in the figure,) so that it can be 
laised and dropped in the hole. It cuts 
bj the percussive force of the blow. 

The notable example of boring large 

shafts by the method indicated, was, as 

already mentioned, the construction of two 

shafts in the department of the Moselle, 

France, at L'Hdpital, for the St. Avoid 

Company. Two borings were made ; one 

. for an air-shaft (So. 1) with a diameter of 

lpi.80 within the tubbing, and 2=1,56 in its 

greatest diameter ; the other (or No. 2) 

for a winding or hoisting shaft was bored 

with a diameter of 4™ ,10, and was 3™.40 

\ when finished. The operations, according 

J to this method, succeed in the following 








order : 



' Ettjiort of M, Gurnaert in tlie jury reporta. 
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1. Construction upon tlie surface — buildings and derricks. 

2. Boring tlie pits. 

3. Lowering the tulibing. 

4. Puddling or packing. 

6, Packing at the base of the tubbing. 

1. ,8«r/Moeprej)ar(tfMm«.— The preliminary operations consisted iu tlie 
construction of the necessary buildings for the engines and tools, and 
the erection of a derrick over the site of the pit. All these were of tem- 
poi-ary construction, intended to be ixsed merely diu-iug the progress of 
the work. 

The derrick was made of four supports strongly framed together, and 
sustaining a platform about thirty feet above the surfiice of the ground. 
Upon this a railway or ti-am-road was laid for the trucks, which carried 
the boring tools and rods. 

The engines for sinking comprised the capstan, the jumper, and the 
donkey-engine. The capstan was used for lowering and hoisting the 
boring tools in the pits, and for lowering the tubbing or lining of the 
shaft. The engines had a nominal force of 25 horse-power. The diam- 
eter of the cylinder was 0°'.56, and the length of the stroke O^.TO. The 
respective diameters of the gearing were l^.TO and 0" .35. Admitting an 
effective pressure of three atmospheres, the initial force upoii the driv- 
ing shaft was i8,513 kilogrammes. 

The first rope need at the air-shaft had a section of 5i square centime- 
tres, capable of sustaining a strain of 5,400 kilogrammes. It was made of 
good hemp ; but after working for one year, it broke in lifting a trepan 
weighing 3,858 kilogrammes. The tool fell ftom a height of 86 metres, 
taking with it 17 metres of the rope. This accident occasioned a stop- 
page of nine days. The cable was replaced by another having a section 
of 85 square centimetres, and after using it for fourteen months the 
work was suspended for three days in order to make a new splice. 

The second machine — ^the jumper — was made of an engine cylinder, 
open at the bottom and closed at the top. The piston-rod was connected 
directly with the wootlen beam, carrying the tool for cutting and boring 
at its other end. By the alternate lifting and falling of this tool with 
the attached beam, the rock was cut away. The diameter of the piston 
of tiie jumper was Oo'.GO, and the greatest length of stroke was one 
metre. The jumper did not require any repairs during the whole opera- 
tion of sinking the shaft. 

The third machine — ^the donkey-engine — was used to work a pump for 
hot and for cold water. It is indispensable for the supply of the boiler, 
as the capstan and the jumper work irregularly. Experience has sliown 
that the feed-pumps should be in duplicate, so as to avoid the necessity 
of stopping tor repairs. 

The preparations for sinking the air-shaft were commenced in October, 
1862, and were finished in the following month of April. The expense 
was as follows : 

Buildings 28, tW^. 6B 

Machines and tools 37, 32ii. 01 

Total 65, G29. 56 



Boring the pits. — Before commencing the sinking with the special 
tools, a preparatory pit was sunk to a depth of 21™ .40, and was lined 
with masonry to a diameter of 2°'. 80 np to within 5 metres of the sur- 
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face, where the diameter was increased to 4 metres. This shoulder in 
the stone lining afforded a foundation for a platform. 

The sinking was aceomplisbed by two different operations. First, a 
central pit of l^^.S? was sunk and then enlarged to 2".26. The debris of 
this enlargement fell into the first pit. The tabbing was inserted in the 
enlarged pit. 

The boring tools employed in these operations will now be described: 
the scraper, the scrape-hook, and other apparatus was used indiscrim- 
inately in the two pits. 

The little trepan first employed weighed 2,085 kilogrammes, and was 
formed of two prhicipal parts — the fork and the blade. The blade was 
1".26 long, and had. teeth of cast-steel, or of iron faced with steel. These 
teeth increased the diameter of the trepan to 1".37. The blade was 
joined by means of keys to two strong iron arms, which were united 
above with a central shaft, which was connected by a slide with, the 
suspension apparatus, 

This trepan worked easily through the sandstone of the Vosges — gr^ 
des Yosges. The fall given was 0™.30. The progress per day was at first 
0™.79, and it diminished to 0°'.52, and then to 0".28 at a depth of 121 
metres ; but at 135 metres in depth, iu a stratum of strongly aggregated 
silicious red sandstone, the progress was only 0™.15 and O".!!. It was 
soon found that this trepan was too light to stand the shocks of the 
blows, and three successive ruptures of the stem made it necesssuy to 
procure a stronger trepan, weighing 3,858 kilogrammes, divided among 
the various parts, aa Mlowa : 

Kilos. 

Bodv of trepan 2, 700 

Gnide 340 

Blade 230 

Tour teeth of the head 148 

Four intermediate teeth - 88 

Plates and keys 352 

Total weight 3, 858 

The teeth are fixed upon this mass of iron by means of keys. The 
sockets for the reception of the tenons are conical, and are O^.IO in diame- 
ter at the base and 0™.09 at the top. The progress in the work made by 
this trepan, from the commencement, was from 0".2S to 0™.32, and even 
as high as 0"'.83, giving a mean of 0".39, being three times as much as 
made by the first trepan. This shows clearly that the hea\'y trepans are 
best for the hard strata. 

The trepan which was first used for the enlargement of the pit to the 
diameter of 2"".56 had a blade 3"'.46 in length ; it was formed like the lit- 
tle trepan first used, and had a blade fixed upon a fork, and weighed in 
all 3,980 kilogrammes, divided as followa: 

Kilos. 

Pork - 2,500 

Blade - :...,..- 906 

Six teeth of the head 102 

Three intermediate teeth 48 

Two plates- - 430 

Total weight 3, 080 
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In order to avoid the frequent breaking out of the teeth, this trepan 
was lifted only 0™.20. The progress made with it daily was from 1™.10 
to ©"".IS at the last, when a stratum of hard sandstone was encountered 
and the weight of the trepan was found to be insufBcient. Two blades, 
one above the other, were then united to the fork by rings and bolts. 
Ka«h of these blades carried the teeth so as to cut the strata in two 
steps. This new tool weighed about 5,000 kilogrammes. It worked 
four months, and required frequent repairs. The rate of progress per 
day was only 0™.ll. It was then decided to replace this trepan by a 
more massive one, weighing 8,000 kilogrammes, and 2'°.^ in diameter. 
With this the progress was mereased to 0"'.3i a day, thus showing a 
second time that in hard rock heavy trepans are required. 

The diameter of the pit at the beginning was 2^.56; at 134"^ depth it 
was reduced to 2™.45 ; at ISS" depth it was reduced to 2"'.40 ; from 155".00 
to 165'n.50 depth it was reduced to 2™.33i ftom 155'".60 to 15S"'.00 depth 
it was reciuced to 2'",25. At this depth the little pit was continued for a 
depth of seven metres, and a circular curb of 0"'.40 was fixed to receive 
the base of the tubbing. 

The work of sinking this air-shaft lasted about twenty-eight months 
and a half. The central pit required 392 days, including 46 days during 
which work was stopped, so that only 346 of actual work were necessary. 
'J'he enlarging operations to a diameter of 2™.56 occupied 469 days, in- 
cluding 148J days of no work. The depth of the central pit being 
I43™.70, (equal to 471.46 feet,) tiie mean progress for each working day 
was 4"".15, (13 feet,) and the enlarging to 2°'.40 gave a daily mean of 
4'".25 for a depth of 136"'.60. 

The expenses of boring were as follows : 

Fifincs. 

Salaries and wages 55, 039, 81 

Fnel 12, 513. 1 1 

Oil and grease 2, 381. 71 

Kopes 2, 987. 20 

Iron, steel, and repairs to tools 12, 530, 90 

Cartage aud sundries 7, 560, 66 

Total 93, 013, 39 



TuBBiNGr, — Before entering upon a description of the operation of 
tubbing the air-shaft, it will l>e beet to explain the system adopted by 
Messrs. Kind and Chaudran, 

Tlie tubbing of the pits is accomplished by lowering into them a me- 
tallic cylinder, which Anally rests upon a proper seat or tbundation, 
carefully cut for it at the bottom. This cylinder is made smaller than 
the bore of the pita, and the space between the cylinder and the walls is 
afterward puddled or filled in with concrete, so as to make a solid con- 
tinuous lining. The metallic cylinder or tubbing is formed in sections 
of a cylinder, made of cast iron, and provided with flanges projecting 
inward, by which they are securely bolted together. One section or 
length is added after another to the top as the whole descends in the 
j)it, so that at the completion of the work the whole pit is lined with 
iron t!rom the top to the bottom. The outer surface of all these sections 
of the cylinder is quite smooth; but in the inside, besides the flanges 
for the bolts, there are horizontal ribs or webs cast with each segment, 
and intended to strengthen them. 

The thickness of the tubbing will evidently vary with the diameter of 
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the pita and that of the different segments, a-ccording to their position 
in the pit. Messrs. Kind and Chaudron determine the thickness by the 
following formula: 



= O'^.OS ; 



500 



E represeiits the thickuess of the tub, E the radius, and P the pressure 
expressed in kilogrammes npon the square. 

M. G-ernaert, of the International Jury of the Paris Exposition, says 
that the principal merit of the success at I/Hopital should be given to 
the inventors of the method of lining the shafts while full of water. 
The jury awarded the highest order of prizes under the title of co-oper- 
ators to the engineer, M. Kind, of the kingdom of Saxony, and to M. 
Chaodron, of the mining corps of Belgium, particularly for the improve- 
ments in lining or tubbing, which form an indispensable complement 
to the process of boring shafts in watery strata, and without which the 
perforations, however large, would not have any great practical value. 
The opei'ation of boring was not uew. Many engineers had succeeded 
in excavating shafts of large diameter in this manner, but the great 
difficulty was to secure a firm and w ater tight liniug for them. M. Kind 
had pioposed to lower tubbings mide of wooden staves held by metal 
hoops Many shafts were lined m this wiv but all oi nearly all were 
failure-i A sbtft v,as finish d in this m inner at Dalbueh, inWest- 
phaba but when the wa- 
^ t^er was pumped out, down 
fc to a certain level the press- 
uie displieed the staves 
\' and it became necessary 
^ to insert very heavy iron 
a migs throughout the 
5 whole extent of the tub- 
bing But notwithstand- 
m these expen sive efforts 
the quantity of water 
wluth torced its way 
^ through the vertical joints 
■^ WIS sufficient to supply a 
■^ poneiful pump. 

C aist-iron tubbing made 
m segments of a cylinder 
and bolted together was 
next employed ; but even 
^ these notwithstandingthe 
^ _reat caie used in fitting 
^ and placing them, allowed 
water to penetrate, espe- 
cially along the vertical 
^ joints. But at I/HOpital, 
1^ M. Chaudron avoided 
these difficulties by cast- 
ing sections of the cylin- 
drical tubbingiiione piece. 
These sections were made 
about 1".50 high and 3n'.40 
Cjiinder and Moss Box. in diameter and varied 

in thickness from O™. 060 to 0™.028, but were strengthened by ribs and 
flanges on the inside, which served also for bolting one section to another. 
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The opposing faces of these eylmdrical sections were truly turned or 
planed down at right angles wiUi the axis, so that they fitted accurately 
one upon another. The joint was made more iierfeet and tight by a 
packing of heavy sheet lead. 

The shaft having been bored to the proper depth through the watery 
ground, and a fli'ni seat or socket secured at the bottom in solid and 
comparatively impermeable rock, the next operation was to lower the 
cast-iron tubbing to its place. This was accompliahed in the most in- 
genious manner by M. Ohaudron, by tightly closing the bottom segment 
of the cylinder with a hemispherical cap, so secured that it could be 
afterward removed, and then floating the cylinder in the water of the 
pit. But in order to Becure the descent a-a section after section was 
added at the top a central open column or tube e e was bolted to the bot- 
tom, and through this, by means of holes drilled at proper distances, 
water was allowed to enter the inside of the cylinder for the purpo^ of 
sinking it, and to aid in keeping it in a vertical position. The annexed 
woodcut shows, in section, the cylinder, the convex bottom, the central 
or equilibrium column, the moss-boxj and the suspending rods 6 6 and h' 
h'. Tlie moss-box is a contrivance aimilarin its objects and a]>pIicatioQ 
to the seed-bag used by the borers of petroleum wells to cut off the in- 
gress of water from sti-ata around the pipe. By means of the moss, 
expanded laterally when the cylindrical column of cast-iron tubbing is 
allowed to rest upon it, a tight joint is formed between tte firm rock at 
the bottom and the cast-iron tubbing, thus effectually shutting out the 
water. 

The entire cost of sinking the first shaft (or shaft So. 1) at I/Hflpital 
through the watery strata to a depth of 140 meti-es, the internal diam- 
ter being 1'".80, amounted to 255,041.27 ftancs, divided thus: 

B>aucH. 

Preliminary works 65,629.56 

Sinking the pit : 93,013.39 

Tubbing 78,577.53 

Concreting 11,811.20 

I'aclung 6,009.59 

Total 255,041.27 



Which gives an expense of 1,600 francs per running metre. 

The cost of shaft No. 2 is estimated as follows : 

Fraucs. 

Preliminary works ■. 104,571.77 

Boring the shaft 141,659.31 

Piping 169,220.07 

Concreting 15,000,00 

Packing 10,000.00 

Total - 440,451.15 



or at the rate of 3,100 francs per running metre. 

The preliminary work commenced in September, 1863, and on the 6th 
of April the concreting was finished ; the work lasted three years and a 
half. 
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GHAPTRK VII. 
MACHINES POli GUTTING OUT COAL. 

Before proceeding to throw down coal fi"om its place in tlie bed it is 
necessary to luidercnt it, that is, to excavate a space at the floor of the 
aeara, pai-tly in the floor and partly in the coal, thus nndermining the 
coal 80 that its gravity assists in bringing it down. Thia undercutting 
operation is known as holing, baring, kirving or undercutting, and is 
one of the most laborious and difBcult dutieB which the miner is called 
upon to perform. It is often effected under the greatest disadvantages, 
©specially when the seam of coal is very thin, and is cut on the end, to 
improve its salable qualities. The work is usually aoeomplished by 
means of a pick iu the hands of a miner, while he rests extended upon 
his side. An experienced miner makes about forty blows a minute, with 
a pick and cuts fi-om three to four feet under the coal, at the rate of one 
to one and a half linear yards per hour. In order that the miner may 
have the necessary space for his body in working so far under the coal, 
much of the coal has to be cut away and destroyed. It is estimated 
that the miner under such circumstances exerts about one-sixth of a 
horse-power, which is applied percussively. He works into the coal as a 
mechanic with a hammer and. cold-chisel used to cut away iron before 
plwiing and slotting machines were invented. The proposition to sub- 
stitute machines for manual labor iu cutting out coal was made some 
twenty years ago, by Mr. Peace, of Wigan. He invented a machine 
called the iron-man, but it met with ridicule and contempt. Much at- 
tention has of late been given to the construction of machines for the 
purpose, and a very considerable degree of success has been attained ; 
bat it cannot be said that any of the machines yet put into operation 
give entire satisfaction under all conditions. Most of the efforts in this 
direction have been made in England, where several machines have 
been brought- prominently before the public by means of descriptions 
and advertising, and by the exhibition of the machines or models at 
the Paris Exposition of 1867. 

The following observations upon the value and impoi-tance of ma- 
chines for excavating coal are taken from the Colliery Guardian, No- 
vember, 1869: * 

How to win aud work coal most eoonomioally, is a problem the Siitisfiwtory solution 
of which is of the hicliest momeut to the oollieiy owner, the miuinjj eugineer, and the 
piibiic at latge. In tiiia martter protlneet-s and. consumera are alike mtoreated, and the 
question is one the growing importance of which ie becoming daily mow) evifteat In 
ttifise times of keen competition, the most snocessfQl man in any branch of industry 
win generally be the one who has at his command the most efficient appliances in the 
way of Improved machinery and Btillful modes o£ operation. To thia role— ap^Ucable 
to trade and manufacture ffoneraliy — coal-mining Is no exception. A saying ot a very 
inBignifleanl amount— say bnt a few farthings— per ton, upon the whole of the out-put 
of a lai^ colliery, will make a marvelous difference in the financial proajierity of the 
concern, and will present a very satisfeotmy result in the profit aud kias account. To 
this iact colliery owners and managers are fully alive. Heiice,ia the meeting of 
the North of England Institute of Mining Enrineers, and other kindred aasoouitions 
established in the several mining districts of Great Britain, attention is perpetually 
directed to thisonexH)int,anda patient and painstaking examination is given to every 
proposal, the professed object orwhioh is to facilitate any of the namerouB operations 
connected with mini ng industry. Any improvement in boring or ainldng^in coal- 
getting or underground conveyance — iu winding or shipping the produce of the mine, 
need only be fiilrly brought under the notice of the mining community to insure for 
it careful consideration and impartial judgment. Sjjecial attention has of late years 
been directed to the subject of coal-getting by machinery. More than a century haa 
elapsed since the first appai'atus designed Tor the effecting thia object was patented, 
and since that time "iron men" and coal-gettoi's in great mimbers, and almost equiilly 



,di„Google 



COAL-CUTTING MACHINES. 77 

great vniiety, tave been pceeented to the mining pnWic. Additional impetus was 
given to inventive genius by tlie appointment ot » coBiinittee of the North of Eng- 
land Institute, commissioned to investigate tJie subject, and to report upon the Tain* 
of existing patents ; hy the prizes offered by the South Laueasiiire and CheBhire Coal 
Association for the beat coal-cutting jnaohine ; and by the encouragement afforded by 
mining enmneerH, both in their indiviclnai capacity and -when incorporated into asso- 
ciations. It was felt that, looking at the success which in other departments of indus- 
try has attended the Buhstitntiou of machinery for hand labor, there was good ground 
for the behef that machinery might also be advantageously applied to the euttinR of 
BO uniform a Bnbstance as cioal, and the driving of airways through it. Tho purely 
meohanieal meration of cutting, by means of a light pick, a groove of from 2i feet to 
4 feet deep along the fiice of coal which is to be removed, ia not only slow and labor- 
ions, but alBo wasteful, inasmuch as a considerable amount of the seam is neoMsarily 
cut into slnok; and formina;, as this process does, the chief item of expense in lihe ex- 
cavation of coal, it has of late been more seriouelj forced upon the attention of coal 
owners by the iiregnJaritiefl and strikes of the workmen, which have so often brought 
the operations of coal mines to a ruinous stand-stilJ. The introduction of efficient ma- 
chinery is also calculated to have aa important bearing on the safety <rf mines, enabling 
them to be more rapidly opened out, and the seam to be intersected or the winning to 
be surrounded by air-ways so as to draiU off the dangerous gases. It is not to be won- 
dered at, therefore, either that an efficient machinefor getting coal should have become 
an aclinowledgedwant, or that so manyingonionsinventors should have applied them- 
selves to the production of apparatus to meet that want. It is tme that many of the 
inventions have been crude, and some of them designed without much regard to some 
of the first reqnisitos to extended application, but others have been tested in actual 
working, and lonnd to give satisfactory results. 

Machines for coal-catting may be claesed under two distinct types, 
being, like tbe macMnes for rock-drilling, made upon two very diftferent 
principles. One type is percussive, and imitates tbe cutting oiwration 
of the pick a-s swung by the miuer ; the other concentrates and applies 
the power continuously through cutters which are pressed against the 
coal and shave it off little by little. Prominent among the machines of 
tho secoDd type is that of Garret, Marshall & Co., of lieeds, England. 

CAEEBT, MARSHALL & COMPANY'S COAL-CUTTIMG MAOEIMB. 

This machine works like a hand-plane ; and it is claimed that it has 
the power of eighteen men, that it can work effectively in a space only 
two feet liigh, and cut into coal as a scoop cvits into cheese, accomplish- 
ing more in one minute than 700 blows from a pick can in the same time. 

It is about two feet high, weighs one ton, Las four legs of adjustable 
length, and is provided with a holding piece adjusted so as to touch the 
roof of the drift and hold the machine tirmly to its work. The motor 
is water, under a pressure of about 20 atmospheres or 300 pouuds, and 
supplied through a 2-inch pipe at the rate of 30 gallons per minute, 

This water pressure acts vertically on a 5-inch piston pressing against 
tlie i-oof, and horizontally on one about the same size, reciprocating 18 
inches and 15 to 20 times in a minute. There is a pressure of 5,000 
pounds against roof, and the same pressure acting horizontally, forcing 
three steel cutt«rs shaped like cheese scoops into the coal. These cut- 
ting tools are 3 inches wide, and penetrate 4 feet, with a power equal to 
3 horses or 18 men ; and this is rffected by a consumption of 50 pounds 
of coal per hour to feed the boiler of the engine, which makes the water 
pressure, and pumps the same over and over again. 

The constnictiou in detail is shown by the figures,* which embrace a 
front elevation, a ground plan, and an end view, all drawn to a scale of 
three quarters of one inch to one foot, or one-8ixt«enth the real size. 

The machine in operation fixes itself dead fast upon the rails during- 
the cutting sti-olte, and releases itself at the back or return stroke, and 
traverses forward the requisite amount for the nest cut without any 

' Supplied for this report by Messrs. Carrett, Marshall & Co., the manufactur'ers. 
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manual labor. Should the tools be prevented making the full stroke at 
one cut, thej- will coutinne to make more strokes at the same place, 
until the maximum depth is attained, when, the machine will move it- 
self forward the required 
amount for the nest cut. 
Thus, at one operation, si 
uniform straight depth is 
attained, parffllelwith the 
raila, mducing an even 
fiacture when the coals 
are brought down, and 
theieby a straight line for 
the new coal faoe. There 
18 no percussive action, 
either against the roof or 
g into the coal, but simply 
■§ a concentrated pressure, 
i producing a steady recip- 
"^ lot^tiug motion at fifteen 
I BtrokeB per minute. There 
* 18, consequently, no dust 
a oi noise, and little wear 
^ and tear 

^ For the same reason, 

"^ wlipu cutting pyrites, the 

toil tlirowontuo sparks, 

I Hit workman caiihear 

movement in the coal 

I IO(t 

■z Ihe required height 
■g from the line of rails in 
s the " holing," " kixving," 
' ^or "barmg," varies in 
g diiferent mines, it follows 
§ that the hydraulic cntting 
■^ cylinder, and its direct 
a<,tion cutting tools, have 
sometimes to be aixanged 
aboie the carriage, and 
sometimes beneaUt the 
mam cairiage, or close 
down upon the i-ails, as 
IS illustrated iu the eleva- 
tions The first figure is 
the main CiUTJage, with 
fom wheels fat enough, 
ip'irt to allow the ma- 
chine to bo placed loiiaitudiu lih when being triusported from place 
to placa The screws "iY are for laismg and loweimg the carnage 
and its cylinder and outtmg tools The pinion Z and the segmental 
rack H regulate the desiied angle of the tools cuttmg into the coal 
face, and the two nuts ccjc at each Pnd of carnage legulate the angle 
requued, when necessaiy that it stall not be m the same plane as the 
rails 

AAA are the cutting tools, B the cutter bar, N a gtude roller for the 
same: D is the main cylinder, with its self-acting hydj'aulic valve, mo- 
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tioH, wbich passes a portion of its water alternately above and below 

the piston of tlie kolder-on, whicli tlius rises iiiid falls without percns- 

siou, and follows theua 

even line of the roof ot 

the mine, so that tlie re 

reijfuired stabilitj- is giv 

en to the machine for the 

time being, an iusbint 

before the eutter8 enter 

the coal. 

The "holder-on piece" 
can be any length ueces 
sary to bridge oyer gaps 
in thereof; itielooseon 
the i)in P and droops at 
its leading end to enable 
it to ride over the vaiy 
iiig projections in roof 

Thetrayersemotion js 
actuated by the pin b, ^ | 
which connecte the cnt S 
ter bar with piston rod, ^ 
and at the termination ot S i 
each end of its stroke g, f 
aetaates the lever d m 5 
both directions, which p 
operates on the pawl e, ^ 
which canses the chain = 
imlly to revolve on the ^ 
I'liain i, made fast ahead | 
by an anchor prop be ^ 
tweeu floor and roof. a. g 

Although the length ^ | 
of stroke of each cutting 'i | 
tool is eighteen inches, %. | 
the practical cutting i 
lengtli is sixteen inches, | 
and, consequently, the 
three cutters jointly give 
a total effective depth of 
four feet at each strolte 
of t!ie machine, finish 
iiig the work as it goes 
along. The mechaniam 
employed consists of a 
hydraulic reciprocating 
engine, adjustable to any 
height and angle, having 
a self-acting valve mo 
tioii. The cylinder m 
four and a half inches 
diameter, and lined with 
brass, and the piston 
111 ade ti ght with ord in ai y 

hydraulic leathers, which (, m i iMl\ be renewed. Within the uki i 
is attjiched the cutter-lni ot steel, < T,rrying the tools or cuttt i - 
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can be varied in number to suit the deptb to be boled at one opera- 
tion. The cutting toola are of double sheer steel, can be easily made, 
and are very strong, and can be removed and replaced in a few mo- 
ments ; they can be readily sharpened on an ordinary grindstone. The 
cutter-bar is also moveable, when transporting the machine from place 
to place, for which purpose the maio cylinder is, ior the time being, 
placed longitudinally with the rails. (See dotted Imes in Mg. 1.) 

The machine is about three horsepower, and weighs one ton, and will 
work either right or left. (See dotted lima on gromd plan.) It is self- 
acting in all movements, and wUl ascend steep gradients; being simple 
in all its parts, it is not liable to get out of order, and is easily managed 
by an ordinary miner, and can be transported from place to place, on 
the ordinary rails, about the mine, 

The machine undercnta "holes," or "kirves," with a man and boy as 
attendants, and completes the work with once going over, at the rate of 
fifteen yards i)er honr, and at any angle and height from floor rails, be- 
ing suitable for either "dip" or "rise" workings, and is capable of cut- 
ting the thinnest seams. The pressure of water which actuates this 
apparatus can be obtaiued either from the stand pipes in the pits, or 
trom pumps attached to any existing engine, or from an engine and 
pumps specially made for the purpose. Tlie quantity necessary is only 
what is sufficient to fill the circuit of the pipes, using it over again when 
desirable, as in the Bramah press. 

Each machine uses thirty gallons- per minute, at about 300 pounds 
pressure, according to the hardness of the coal or mineral to be operated 
upon. In cutting the shale of the Cleveland ironstone band, a some- 
what greater pressure is found to be necessary. 

There is no limit to the pressure of water that may be used, nor the 
distance it may be forced without loss of power, beyond that due to its 
friction along the pipes. The same water pressure is also applicable to 
work pumps and rotary engines for hauling, Sec., and other requirements 
in the mine, at a distance from the engine power. 

In cases where there is a fall of water, say of 100 pounds pressure, it 
can be "iutensifled" by a self-acting machine to 400 pounds pressure, to 
work the coal-cutter, but sacrificing three-tburths of its bulk, which is 
set free. 

In arranging the engine and pumps required to make a "continuous 
stream" of water pressure for workiug these machines, it is preferable 
to have two steam cylinders, so that there be no dead center. They are 
constructed to work one, two, or four machines. Pipes, if for one 
machine, are of 2-inch bore, wrought iron, a superior quality of gas 
pipes strong enough to stand 500 pounds pressure, and are supplied at 
38. &d. per yard. These pipes are screwed togetheriu the ordinary man- 
ner, and adapt themselves readUy to the irregularities of the floor of the 
mine. A flexible pipe l|-iuch bore, snitable tor the same pressure, 
allows the machine to traverse. 

The cost of each self-acting coal-cutting machine as here described, 
without its anchor-prop, traverse chain, or pipes, is £125. 

This self-acting, hydraulic, coal-cutting machiue, or -'iron man," which 
has now been two years at work, does not dispense with the labor of tlie 
miner, but performs for him tbe undercutting, which is a most laborious 
operation, either in the end or face of coal, and in a more efficient and 
economic manner than he can do it himself. The coal so operated on by 
the machine does not fall forward when becoming detached fix)m the 
roof, but settles on the lower bed, thereby avoiding serious accidents. 
It is claimed that the saving in coal alone more than pays for the outlay; 
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.iiul tliat it is practicable to cut with tlie most perfect ease into tlie floor 
of tlie mine, thus pmventing all wast-e of coal whatever. 

T!ie size of the coal is improved, the amount of slatjk is considerably 
reduced, and a single seam, it is said, will yield more by oue thousand 
tous of coal per acre tliau wbeu worked by baud labor ia the usnal 



COAL-CUTTIKG- JTAOHINB OF MESSES. JOKES AND LEVICK. 

This machine may be described as a contrivance for holding and 
swinging a miner's jiick so aa to undercut a coal-seam nearly an it ia done 
by hand. It is actuated by compressed air, and is niouiited on a car- 
riage or truck with fonr wheels, mth au extended cast-iron platform in 
the rear for the man who works the machine. A crank-pin on a fly- 
wheel actuates two bevel-wheels for moving the machine back or for- 
ward on the rails of the gallery. 

The handling of this macliine is very simple. The workman on the 
platform turns a wheel so aa to bring.the pick into the proper directiou; 
he then opens a'cock admitting compressed air into the cylinder by 
working the eUdo with a lever. The niachiue being thus set in motion, 
it is mwely requisite to move it forward to follow up the work done by 
the pick. The air, on leaving the cyiinder, escapes freely Into the 
gallery. 

We subjoin the reported res It'^ of "^]_ei ent Ic 1 1 tl &u bine 

in two mines in England : 

In the High Eoyd colliery nil d co 1 i d i lie vhich 

the rails were in a bad state w tl au an i rcss le ot 1 om 2 to 2J 
atmospbei-es and 70 to 80 blows per in te the avcn„e hours work 
of the machine was a channel fr m Sni to O"" 16 lo g »i d flo 0"^M 
to Im.OO deep, including stoppages. The width at the bottom n as ()™.037, 
and on the face 0™.O8. During 10 hours' consecutive work the work 
produced by this machine was equal to that of 20 miners during the 
s-iuie time; and it api)ears that the consumption of air is equal to about 
3 horse-power, 

rillTIl'S PATEiN'T COAL-CUTTt:^"e siAcmsE. 

This is also a percussive machine, and is worked by compressed air. 
It is mounted upon wheels. *hich run upon rails on the floor of the 
uiiue. A iiick is attached at the forward end of the machine to the 
lower end of a vertical shaft, and a horizontal swing or sweep is given 
to it by means .of arms and levers connected with the pistou-rod. In its 
form and mode of operation, this machine somewhat resembles the pre- 
ceding. Some improvements in this machine have been reported re- 
cently. It is stated to be working in the seam known as the " Little 
Coal," which is 3 feet 8 inches thick, and to baVe under cut a face of 
500 yards in length to a depth of 3 feet, using a new form of the pick 
which removes the dirt aa it proceeds. 

Mr. Firth haa also recently invented a method of fitting picks with 
movable cutting points. It is the general custom to work picks with 
points solid ; that is, the point and pick m one piece. By this arrange- 
ment it becomes necessary to take the whole pick out of the pit when- 
ever blunted, in order that it may be sharpened. The improvement 
consists in making, a boss on that part of the pick nearest the point. In 
this boss is a socket of any sititable shape, by preference a circular taper 
soeketj the loose point being oottered into the socket against a piece of 
<i M 
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Iiidla-rubber, or other suitable substance, at the bottom of the socket or 
around the outer edge of the socket, so that when the blow is giveu some 
paa't of the ati'aiu is takeu oil' the point. The edge of the socket is 
brought as close as possible to the point, for as the socket must enter 
the groove made iu the ooal, and must be clear of the top and bottom 
of the groove, and as in some eases the groove is not more than one and 
three-quarter inches in height, it will be readily seen that the closer the 
socket is to the point the greater tlie resisting strength of the point. 

KURD'S COAL-CUTTINCt MACHINE. 

Mr. F. Hurd, of Koehdale, England, has invented another form of coal- 
ciitting machine, iu which a number of steel cuttei-a or teeth are placed 
on an endless chain or band moving longitudinally around a long arm. 
The invention is claimed to consist* in cutting horizontal, longitudinal, 
radial, and diagonal grooves in the coal or other mineral to be excavated, 
by means of a series of Jink stocks containing the cutters, which are 
jointed together in such a manner that no rivets or connecting pius are 
required, Tliia series of cntters passes round a pulley mounted in a 
radjjil arm, and around a toothed wheel fixed to a shaft which fits in a 
telescope frame, to increase or reduce its length; the radial arm is pro- 
vided with grooves which support the back of the cutter stocks, and pre- 
vent them from being drawn out of the groove in the radial arm. The 
toothed wheel may be driven to give motion to the cutters by an improved 
motive-power engine, or it maybe driven in any other convenient man- 
ner. 

The position of theradial arm is changed so as to give the required cut by 
a worm fixed to the outer shell of the telescope shaft, and a cam fixed to 
the driving wheel ; this cam, by alever and catch, turns the worm at inter- 
vals, an d thus advances the cutters to the extent required. The engine con- 
sists of an oscillating cylinder to which the compressed air or other elastic 
fluid is admitted, and from which it is exhausted through two or more 
ports, the oscillation of .the cylinder causing the i>ort« to be opened and 
closed at the proper times without the aid of eccentrics or valves for 
giving the requisite to-and-fro motion to the piston and piston rod, which 
lai:ter is conuected to the crank pin in the fly-wheel. The engine can 
be reversed by two double tai>s placed in the passages leading to and 
from the ports, which taps are connected and worked simultaneously by 
levers or gearing. The cutting apparatus, and the engine by which it is 
driven, are connected to a bracket which fits on a screwed pillar, and it 
is raised or lowered by gearing connected to the engine, and which gear- 
ing reverses the direction of motion up or down by changing, the posi- 
tion of the wheels. The bracket also supi>ort8 two shafts with two 
eccentrics for acting on surface clips, one to secure the bracket in the 
position required, and the other to secure the radial arm. An apparatus 
for compressing air i^ also included iu the invention. It consists of a 
series of pump barrels, the pistons of which are worked by a diagonal 
disk or other eqixivalent; this disk, or its equivalent, is driven by steam or 
other power, and the pump barrels are aU united to the air receiver. As 
the pressure increases iu the receiver, the piston rods are disconnected 
in succession from the driving disk, or its equivalent, until the final com- 
pression is obtained by the last pump haiTel. The pumping apparatus 
is placed in a water course to keep the barrels cool. 

An idea of the form and operation of the cutting machine may he ob- 

« Uescribed with di'awiugs ouniplcte in tlio Colliovy Guardian, Novembet 19, 1869. 
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tii edfiomtheiiiiiexedflgiues sliowia^ im'MliiDedesigiiPd for working 
11 veiyiiHiow seiin-j The flxst is a pHu and shows the princip^ 




H M 1 s C al-c ttiiip, m ir-tmio 
part of the frame jj of the machine ■with its long arm e* reaching forward 
and earylng the cutters e e, by which the groove is cut in the coal. Steam 
or compressed air is admitted through the pipe w to the cylinder b, in 
wliich a piston moves baclt and forth and gives motion to the fly-wheel c. 

The arm is controlled by a tangent screw working in a segment-of a 
wheel, the oatlines of which are shown between i and *'. By means of 
tliis screw, moved by a crank at the side of the cylinder h, the arm can 
be thrown to one side or the othei". It has a horizontal sweep of three 
feet or more, earrjing the cutters with it, as shown in the flgnre, each 
tooth in succession cutting or scraping ofl' a little of the coal. Alternate 
teeth are different, one cutting a double groove and leaving a little ridge 
or tongue which the nest tooth cuts away. The cutter stocks, into which 
the cutters e e are set and held by a screw, are linked together in a pecu- 
liar manner without rivets or pins, as indicated ui the figiu'C, which shows 
only two of the teeth in the sockets. One ^ ^y 

socket, by means of the hook-like or curved f3,—Pi SQ I 

connections, holdstothe next,aud thus form ^^2— 4i,_-— --Y_^^il!X- 
a chain whicsh slides in the groove of the ^S-S^^^^^^^^ti^^^^^j^O^ 
arm. The figure also shows a portion of one ;f^__) /(W f'X~liJ V.^ 

side of the end of the arm, holding the pul- ^..-^^^--^--i— --^^^--=^ 

ley upon which the chain of cutters turns, 't ^^^ ^ ^v^ =j~-^ 

By means of a screw and lock-nut this puUey may be thrown outward 
to take up the slack of the chain. 

This apparatus is reported to be working in a20-ineh seam, and mak- 
ing a semi-circular sweep 'of 6 feet 6 inches in four minutes, with only 25 
pounds pressure on a C-ioch cylinder with sis inches stroke, cutting a 
groove of 1^ inch. TJie weight of the machine is nearly four hundred 
pounds. Mr. Hurd has also made a machine to be worked by hand, 
which is much lighter. 

BREAKING DOWN COAL KY HYDRAULIC PIIESSUSE. 

As it is exceedingly dif&cu!t, if not impossible, to secure perfect ven- 
tilation in all parts of coal mines so as to effectually dilute the comlraati- 
ble gases and render them inexplosive, it becomes very important to dis- 
pense with the use of gunpowder, the explosion of which not only fills 
the workings with smoke and -vitiates the air, but frequently ignites the 
tire-damp. It is the opinion of one of the inspectors of mines in Eng- 
land that half the explosions of flre-damp are traceable to firing shots, 
and that a vast number of accidents from falls of roof are caused by the 
shattered condition of shale-roofs, after blasting to the extent now prac- 
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ticed. In dangerous coal-seams it is clearly wrong to use gtinpowder, 
and it is perhaps a mistake under any circumstances. The exceptions 
are tLonglit to be rare, while the accounts of fatal accidents aire nume- 
rous.* Wherever much powder is used in getting do^vn the coal, the 
value of the coal is maeh lessened. It is a well-known fact in England 
that the lea-at capable men in any colliery use tlie most powder, and as 
a consequence the coal which they mine is less valuable than that thrown 
down with less consumption of powder, by sldllful and experienced mi- 
ners. Again, in some cases, coal-seams themselves have been ignited 
by the use of powder. 

All these objections to the use of powder have rendered a substitute 
very desirable. Mr. Samuel P. Bidder, jr., of England, proposes to use 
the force of a hydraulic press, and has experimented with a machine 
consti'ucted for the purpose. The machine that he exhibited in model 
at the Institution of Civil Engineers is described as follows :t 

The principal mBohine oonBiBta of a, amall Iiytlraulic pious, weighing abont 60 lbs., 
sntl of 15 tons power. To this preBS is attached a pair of steel tension Btrapa, bent iu 
the furni of a tnninR;-fork, and l^■h!cll are connected with the prosB by a eolliir. At the 
enfi of these straps ia first placed a clearance box, about 4 indies long, and npon each 
side of the ati'apa expandiug pieoea, (also made of steel,) which exert a pressnre at the 
sides of the hole, and are 15 inches long. The points of a pair of twin wedgea, 15 
inches hy 3 inches, constitnting one wedge, axe theu inserted in the expanding piece, 
and the machine is fixed in the hole. The Jiydraiilic press, (having been already oharged 
■with about tliiee pints of water, which maybe used over and over again without loss,) 
is then worked by a man by means of a an ill handle aaid the rain from the oyhnder is 
forced out, thas driving ap the pair of wedges betv, eon tlie eipandu g pieoes giving a 
lateral extension of al>out 3 inches. This not bungin all cT'cs^iffl i ntt bni_dn n 
the coal, flic pvp- i" ■.vitli'lviiwu, and the lelief 1 1 t i t! o 

water to ictiiiii i.i \Ur i. -iiaii, A second wed^'' 
twin weil^, ; ■ i i . i ^iMvod, five eiU tl i 

being agiiin ■ '1 ■ ''Igcisdrhenlom 

this men.iih nil ii'Mii I'lm! i-qiiiiision of 3 inohua j'! I ii 

of 6 inches, wliicii in most c!ispsis loimd sufficient I: i I i e ^iitd 

if iiecesaaj-'y, and the expansiou thus increased to any leas »ble e^tcut In thiu mtu 
noL' as nmch as lU or 13 cwts. of coal Iiave been bronght down in ten n mutes. 

Tlie drilling apparatna, the pi'iucipal p trt of the niacluue eoiisista of a acitw 4 feet 
by IJ inches in diameter, to the end of which is attached the dnil The fiilcini for 
taking the resistance of the screw is obtained by inaertins; a bar of iron iu the coal at 
the side of tbe place selected Air the hole wliichthemachinehas to drilL TliissmaU 
aperture is made by punching with the ordinary instrnmeut a hole 10 iiiches deep and 1 
inch in diameter, and the tinieoccnpiediu making tbisprepnration is usually about four 
minntes. The small bar for taking tlie resistance of IJie screw is then inserted, and it 
niay either be fixed at the side or in the face of the cool, as the case may require. The 
eerew is then adjusted to this bar, and the drill driven in the coal by a man turning 
the handle at the end of the screw. The time occupied in diilling this hole for the 
machine, S inches in diameter and 3 feet 6 inches deep, ib &om 10 to 15 minutes, accord- 
ing to ijie LardnoBB of Uio stratft; and if it is necessary to drill the hole in such a posi- 
tion that the rotary motion of the handle by wliicli the screw is propelled cannot be 
obtained, a ratchet may be need, so that, under any ciroanistancea, no difficulty can be 
felt in procuring the required motion, 

• Another sad illustration 6f the carelessness of some mincra, notwithstanding the 
knowledge t.bey have of the perils to which they are sabjected in the pursnit of their 
daily avocations, is fnmished by a shocking calamity which occurred at the Astley 
Deep Pit, Daldufield, on Thursday evening last week, and the canse of which has since 
beea asoei'tained. Certain parts of the pit are known to be strongly charged with gas, 
and the coUiery regulations very properly prohibited blasting in consequence. In spite 
of the rule, however, and well knowing,' as they must have done, the awful risk to 
which they were subjecting both themselves and their fellow-workmen, two miners 
fired a shot in one of the highly dangerous " brows." They have paid the penalty of 
their hardihood and recklessness by Sie loss of their own lives ; but alonff with them 
seven others have also been harried into eternity. One of these men had been warned 
before the magistrates of the consequence of neglecting the precantions prescribed in 
the rules only a few months ago. The inquest was on Saturday formally opened and 
adjourned. — Colliery Gum'Man, March II, 1870. 

t Mininj; Journal, Juno 12, 1S69. 
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The first triftl of tliemacliiEe was mside at a pit teloii^ing to tlie Nortli Staffordshire 
Coal and Iron Company, (LimitedJ at Talke-o'-tli'-Hill, in aheaditfg in wliat is called 
theEight-feetBanburysoaniof coal, at adepth of 3B0 yards from tile surface, aud under 



ordiuary working cironmBtaDcea, so far aa tile place selected was ooucerued. 

Considerable diffleulty is always found m fairly testing a maoMne uuder sach oir- 
cnmstauoes as these, but, notwithstanding every disadvantage, tbe bole for tbe ma- 
chine was (IriUetl and about 4 tons of coal brought down in 25 iniautra. Mr, Higsoa 
aaked a workman in oharge of the place how long it wonld have taken him to nave 
drOled tbe bole and fired the shot aecordiug to the present system of blasting, aud ho 
ooiisidered that an honr would bo recittirod for tlia purpose, andaponnj of guiipowder 
used, at a cost of M. The superiority of the machine was, therefore, evidonoea by the 
saving of 35 ininntes in time and 5<i., the cost of powder, and the work was done with- 
ont the smallest da,nEer to any one. Two further trials of the machine were made in 
otliKc pwts of the workings, in both the Seven and Eight-feet seams, with resnlts equally 
satisfactory. The mode of using the machine in the workiug of ooul would be to pro- 
vide eadh set of oolliers with a pair of steel tension straps, and tbe machine oonld 
easily be carried aiiout by a man like a double-bnirelled gun under his arm from place 
to pl'iice. It would thus be necessary to have only one press for a Jar^'e number of 
these places ; the entire cost of the mss^binery is vei-y small. 
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SECTION III.— TRANSPORTATION, 
TION, ETC. 



CHAPTER VUt. 

TRAMWAYS AND WAGONS. 

e in depth and extent, the coat of sinkiug and main- 
taining shafts ia mucli increased, and it is no longer economically pos- 
sible to keep several hoisting-shafts in oi>eration. It m therefore neces- 
sary to confine the hoisting to one centrfS shaft which thus becomes the 
only outlet of a constantly extending system of underground tramways, 
over which the minerals or debris are conveyed to the shaft in order that 
they may be raised to the snTface. As the work of extraction of the ore 
or coal progresses, the distance of the mineral from the shaft, especially 
in collieries, is constantly increasing, being in some of the European 
collieries as mnch as 4,500 feet or more, and it is thus become a very im- 
portant item in the expense of mining to move the mineral to the shaft-. 
So, also, when, as is common in California and Nevada, veins are 
reached by long tunnels, the tramming or underground transportation 
forma a serious item of the cost of getting the mineral to the surface, 
and it is important to determine the best forms and sizes of the wagons 
and tracks to be used. 

'I'BAMMING AND TRAM WAGONS IN CALTFOBNIA. 

Very little attention has been given in the mines of the west to tliis 
subject of tramming. Theformsof wagons, or "cars," as they are usnally 
ciilled, are almost as numerous as the mines in which they are need. 
In general, they are made of wood {there are some of iron) banded with 
Iron, and are supported upon small cast-u'on wheels, running upon axles 
of the simplest ibrm. The size varies with the siae of the tunnels, but 
is never larger than a man can manage with ease when loaded, except 
when, as at the Mount Diablo coal mines in California, horses are em- 
ployed for the haulage. These coal mines perhaps present the best 
examples of underground tramming upon the Pacific slope. 

The average distance of underground hauling at these coal mines, is 
now perhaps not far from one-third of a mile. This distance varies, of 
course, in the difterent mines, and in different parts of the same mine. 
The maximum distance of underground haulage is in the old or upper 
Black Diamond gangway, which, from its face to the mouth of the tunnel, 
ia now ahont 4,200 feet. This tunnel is about 400 feet long, before 
reaching the coal, and extends for the remainder of the distance on the 
coal and is constantly being worked ttu^her. The haulage upon the 
horizontal tramways is done by horses at an average cost of not less 
than fifteen cents, and probably as great as twenty cents, per ton per 
mile. 

The sizes of cars, tracks, &c, vary considerably in the different mines, 
but the tracks are all alike in their construction, being made by spiking 
a tight strap-iron rail upouwoodeu stringers supported on wood cross-ties. 
A light l-rail would be a decided improvement. The cars at most of the 
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mines have to be made so that they cau be used not only on a horizontal 
roadway, but also upou au incliue. They are therefore bnilt higher behind 
tliaiiin front, in owler to prevent the uoal trom falling back out of the 
full ears as they ascend the slope. At the Mount Hope slope, leadiiig to 
the lowest level of the Black Diamond mines, and pitching at au angle 
of 37"^ 15' to the south, the cars, built of wood and sometimes of sheet- 
iron, have the following interior dimensions : Length, 6 feet 6 inches ; 
width, 2 feet 5 inches; depth in front, 2 feet 5 inches; depth at rear 
end, 2 feet 11 inches. The width of track is about 30 inches.- Thfse 
ciirs hold about a tou of coal and they are drawn np the slope by a 
steam winding engine. Some details coneeniing this Iioisting will be 
given beyond. 

TRAMMING UPON THE OOMSTOCK LODE. 

The annexed flgtire, drawn to one-twentieth of the full size, shows the 
construction of a dumping car, made of wood, desianert to i uneqn dl> ^ ell 
on a horizontal tra-ck, upon a steep incline, or upon the huitii'e It is 

the form used some 
venrs since at the 
Ophir mine, on tht 
romstock lode The 
body of the car is sup 
ported ii little forward 
of its center upon the 
extreme end of a 
strong frame which 
turna upon a central 
pivot and rests upon 

D«i>.ping Cnr for inclined dmft or galkTy. "' ^'*^?'' ^^^"V^, "'' ^"^f^' 

, ^ ™ . h'O-i'-ii- ciirrymg the low 

wheels, ihis arrangement for turning the ear upon a pivot allows its 
load to he dumped on either side of the raised track at the dump-pile of 
ore, or at the attle-heap. The forward end is closed by a flap-door 
opening outward, suspended on an iron rod, extending from one side 
of the car to tlie other. The back end of the car and half its length on 
top are closed with planks, secured by strong u-on straps. 

tlNDBEGROlTND TltASGIING ABEOAD. 
The next figure represents the tunnel ear used at Freiberg, Saxony. 
The load is sustained 
upon the axles by a 
timber extending longi- 
tudinally in the center, 
under the ear. 

The wheels are of 
good size, and the outer 
ends of their axles are 
supported by the heavy 
iron bands depending 
from the side of tlie box. 
The next figure -^vill 
recall to the minds of 
those who have visited 
the Freiberg mines the 
" hnnd," or dog, so com- 
monly employed in that dUtilct. It is of wood, bound with iron, and 
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constructed of audi a Bize ati to be miniatd wbeu loitltd, b\ t ='iiiglo 

man. The axles are fixed lud tlie cii i-i turned iilien mcetsSii^, b\ 

tilting it so as to lifb the Jorw ird 

axle and leave the weight restiue 

01) the two larger wheels onlj , 

These dogs are particul iily useful 

ill mines where tracks hive not 

been laid. Their broad wheels em 

ble them to go through ordinal^ 

galleries, or over the inequalities of ' 

the surface. They aie genenll-v, 

however, run on strips ot bonids, 

or ways otherwise pieiJiied, to 

cJiininish the labor of the mineis 

propelling theiu. 

The rapidly increasing production of the cotl nunes of Great Biitim 
and the Continent has nece'-ditated greit impio\ements ui the methods 
of ti'ansportation un<lergroiind The wagons nsed foi the puipose lud 
their running gear are no longer loughlv and rudelj constriu^ted but 
are made with great care. The wheels are accurately made, well bored, 
and fitted with carefully turned axles, and these are kept well lubricated 
by grease-boxes, so as to prevent loss of power, wear, and friction. 

In France and Belgium a few j'ears since a plain fljit rail, set on edge 
and tiglitly wedged into the cross-ties or chairs, was preferred to any 
other. The size of the iron depended upon the weight to be sustained. 
For cars carrying 000 kilogrammes, .055 by 0™.011 was sufficient; 
but if the track was to be uaetl for a long time, heavier iron was pre- 
ferred. The width of track was, and is, in general, from O'n.60 to 0"'M. 
At the Blanzy collieries, where the cars carry about 1,000 kilogrammes, 
(one ton,) the width is O^.SO, and the flat-bar rails measure Oi'.O? by 
O'n.02. 

At the Anzin collieries it is found advantageous to use iron cross-ties, 
with chairs welded or riveted to the ends, in preference to cross-ties of 
wood. IJails with a rounded summit, and thicker at the base than the 
top, were in use there iu preference to the square-edged rail, but these 
have in turn given place to a light I-rail, It was calculated by Burat 
in 1861 that the tramways at Ajiziu, 0"',60 wide, and with cross-ties of 
iron at distances of 0™.80, did not cost over five francs per lineal metre. 

But great Improvements have beeu made since that time, and in the 
Supplement au Materiel des Houillferes, Professor Burat states that the 
conclusions arrived at, after very careful investigations of the methods, 
are : 1. That the narrow-gauge tracks, those, tor example, of Oii.SO, are 
the most desirable. 2. Ttiat the flat rails and bar rails on eilge should 
be abandoned for rails presenting at least two centimetres of bearing 
surface to the wheels. S. That the charges for the cars should not be 
greater than 400 kilogrammes, net weight, in order that the attendant 
may easily tiu-n the car on curves of short radius, or put it upon the 
track in case of its running off. Light !-raiIs are in nse in some of the 
collieries, as well as the method of oiling known as Bvrard's, by means 
of au oil-box placed iu a hollow axle. 

SELF-LUBRICATING AXLES. 

Evrard's contrivance is described in the reports upon the Paris Exposi- 
ti on. It is designed to supply oil iu moderate and regular quantities to the 
iournals or bearings of the wheels of wagons for underground tramming, 
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and for excluding all grit and dirt from the beaxing Burfaces. The 
■wheels are supported hy journals J ,1, working in a hollow cylinder or 
box a extending across the bottom of the ear. This cylinder is calibered 
at each end, for oiie-third of its lengtli, for the reception of the joorual. 
The middle third of the cylinder is left rough, and receives an oil-box, 
which may be filled through a hole in tlie cylinder, closed by a screw s, 
with a conical point, which enters the oil-box and nearly doses the hole 
in it, leaving only a small opening, through which oil can exude in small 
quantities i^henevei i bubble ot aii entere The journals are retained 
in their pli^^s by i ip'^ o c fl\< d to the truck »nd fitting over the ends 
of the cyliiidPi iiid ( itdiin^ iipim i lnuiUkr left upon the louinal. 



;Svrards Self lnlinoatiDf, Axle 

Axles of thib kind used upon wigons at the mines of the Vicoigne 
Company consume % decihtre of oil in running m iggxegate distance of 
150 kilometres— about 62 miles Oil ii lenewcd e\erY foitnight. 
'. M. Evrard, in his description in detail,* states that a cai with its two 
axles did not consume more than three deciliti'es of oil in 22 days' run- 
ning, the total distance run having been 448 kilometres. 

Since the Exposition of 1867 a commission of mining engineers has 
been organized in Belgium for the purpose of studying the ditterent 
forms of cars and tramways in use in the coal basins of the north of 
- i'rauce and in Belgium. The ear designed by M. Parent has been in- 
troduced in many of the mines of the Anzin company, and appears to 
give gieat satisfaction The body is rectangular, 1"'.10 long, O^.TTS 
wide, and 0" 57 deep , capacity, five hectolitres. The body is made of 
lion, two millimeties thick for the sides and four milimetres for the bot- 
tom The total weight of the car, with wheels of wrought iron, is 190 
kilogrammes, and with cast-iron wheels, 310 kilogrammes. They cost 96 
fiEincs each, with cast wheels, and 102 francs 
with the wrought-iron wheels. These wrought 
w heels are st-amped from a single piece of iron, 
are 0" .28 in diameter, and weigh 8 kilogrammes 
eaUi They are much lighter and leas liable to 
break than the cast-iron wheels. 

At the Cliazotte collieries, M. Max Bvrard 
has adopted the Pagat wheel and axle. This 
' IS A broad-f^ced wheel of small diameter, the 
toim and construction of wliich may be best 
nndei stood by reference to the annexed figure, 
i\ hich is a section thi'ough the center, showing 
the end of the axle and the oU-box. Tliis oil- 
box ippears to be the chief merit of this wheel. 
The end of the axle protrudes within it, and 
the wheel is lield in place by a simple spring 
hnchpia inserted through one of the large 
holes made in the hub to permit the introduc- 
tion of the grease from time to time. These 
Flit It Wheel jii 1 Oil l)oi t\TO Openings are closed by corks e c only. A 
*Iii Biirat's Miit^iiol des Hoiiilliires — supplement, 1805, pp. 18-14. 
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hard grease or tallow is used, and is inserted by means of am injector. 
When by movement of the wheel the axle warms a little, the grease 
slowly melts and runs into the bearing so gradually that it need not be 
reneived oftener than twice a week. 

According to, M. Evrard tliia box once filled with grease is sufficientfor 
running a distance of sixteen kilometres. It holds 128 grammes ; the 
gi'case costs 52 francs per 100 kilogrammes, and the exiiense i>er ton, per 
kilometre, ia, consequently, for the four wheels of a ear, 0''.0455. These 
wheels are used under an oval tub car, the capacity of which is limited 
to 3i0 kilogrammes. 

At Blanzy, the cars are rectangular, expanded over the wheels ; carry 
a charge of 600 kilogrammes and weigh 230 kilogi'ammes. The wheels 
turn upon the axles, and the aades turn in boxes fixed to the body of the 
car. 

T7SB OP SMALL TBAM-WAGOMS. 

In South Wales it lias been argued that small tram- wagons are more 
economical than large ones, since they permit less height of the drift*, 
less cost of tramways, and the use of ponies and boys ineteiid of horses. 
At a meeting of the Institute of Engineers it was stated that at a col- 
liery in the Aberdare Valley there had been effected, by the introduction 
of small trams, a saving of Is. a ton. The vein was 3 feet 8 inches 
thick, and the old principle wa« to cut as much as 6 feet 6 inches for 
head- way and horse road. But upon the introduction of the small trams 
the whole depth to be cut was 4 ffeet 6 inches ; and, consequently, there 
was a saving of two feet in top or bottom — tbe top being a hard cliff. 
In getting out 150 tons a day with the large tram, foxtrteen horses were 
employed, at a cost of £-i I2s. Sd. ; with, small trams, the same amount 
of liorse work was done for £1 lis. S^. — that was the cost of ponies, 
boys, and jiggermen — so that there was a saving of nearly 64. a ton on 
that item alone. 

On tlie other hand, it was asserted that it is certainly possible to de- 
vise a large tram with a smaller tare in proportion to the load than 
w(tu]d attend a tram with a capacity of only six or ten hundred-weight ; 
and further, that it is very doubtful whether a saving of one- third could 
be made in the cost of hauling by the use of .ponies rather than horses. 

The following figures were given as showing the comparative cost of 
working with large and small trams in iilie same colliery — No. 3 vein, 
which varied from 2 feet 6 inches to 3 feet 6 inches or 3 feet 9 iuches. 

Ti'am of one Tram of ten liuu-. 

' ton. dred weight. 

a. a. a. a. 

Cost of cutting coal 2 per ton. 2 per ton. 

Cutting bottom for horse height 3 per ton. 1^ per ton. 

Ilaiding underground 4^ per ton. 3| per ton. 

Carting coal in stalls 2 ])cr ton. nil. per ton. 

Biinking, screening, &e l^iicrton. 1 perton. 

Total 2 11 2 6 

Showing a saving of 5d. per ton in favor of the small tram. But it 
was admitted that with a thick veui these items might be altered ma- 
terially. 

This is a matter upon which no general nde can be established ; the 
miner will of necessity be governed in the choice of the form and size 
of wagons by the peculiar local conditions of the colliery. 
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POETABLB TRAMWAYS. 

lu coal cutfciug or drilling by machinery, or in any mining work wliore 
rapid advances are made, it becomes important to be able to quickly 
extend the tramway or track so as to keep the machine well np to the 
face. To tacilitate this, Mr. Krth, of England, who has made and 
patented several improvements in coal-cuttiug machines, proposes to 
make the ties or sleepers in such a form that the rails can be .twisted or 
sprung into them. His plan is deaciibed in an English journal as fol- 
lows : 

It ia the prosent cnstoin in Using the railroad for coal-cnttiiig machiuea, to use rails 
about four yarcls in leugth, having one sleeper for each joint aiid one or more iutorme- 
diftte sleepers for each pair of raila. The kind of sleeper iiitlierto used has been of sncL 
a form that the intermediate aleepera have to he hammered on and.nfE each tune the road 
lias to ha removed nearer to the fiice of the coal. The improvement consists in. 
making the intermediate sleepera of suoli a form that rails can be twisted ont of and 
into them, instead of Lanimenng the sleepers oS and on to the rails, wMoli improvement 
tends to » great saviug of labor and time in maMng the railroad for ooal-oattiug, ma- 
chines, and snbseqnently in taking it to pieces and putting it together again whenever 
it has to be removed. At the outer end of the sleeper is a Ing under which the onter 
flange or edge of the foot of the rail enters, and the foot of th ail h n d ops helow 
a stop on the aleeper, which prevents the rail escaping late all unti nner edge is 

intentionally raised, The same form, or a modification of a m be ap- 

plied to the tramroads of mines generally, also to sidinga ad other de- 

scriptions, and by this means no wooden wodges or keys a q d k p the rails 

TRAMMING BY STATIONARY EHGDJES. 

In Belgium tlie formations through which the galleries of the mines 
are cut are so soft, and undergo snch continual change by swelling, 
that it is not practicable, except in rare cases, to establish a system of 
hauling the coal by statioiiaiy steam power such as has been sncoess- 
fiilly introduced in the English collieries. 

In most of the coal mines of England the regularity of the strata is 
such that a shaft may be used for a long time tor the extraction of an 
enoi-mons amount of coal brought to the shaft from great horizontal dis- 
tances below. It is not unusual to see in Great Britain shafts from 
-which 600, 1,000, 1,200, and even 1,500 or 1,600 tons are extracted 
in twenty-four hours. Such an amount of work, extending over gi-eat 
periods of time, requires all tlie parts of the shaft to be constructed in 
a solid and permanent manner. 

Eor the conveyance of such immense quantities of coal to the shafts 
it is necessary to use power greater than is afforded by* men tmndling 
the wagons in the usual way. The coal is loaded into wagons contiiin- 
ing from 350 to 450 kilogrammes each, and five or six of these wagons 
are then formed into trains, which are drawn by horses to the main 
tramways, which vary in length from a fewhimdred yards to even a 
mile. 

Tramways may be divided into three classes: first, those in which 
the slope toward the shaft is sufficient for trains to descend by their 
own gravity, and, in descending, to draw up the em^rty trains ; second, 
those in which the grade is reversed, and sufficient to permit the empty 
trams to descend from the shaft to the .end of the road by their own 
gravity; third, those in which the bed or grade is horizontal, or nearly 
BO, necessitating power for the movement of the trains either way. 

In the second class the loaded trains are usually drawn np toward the 
shaft by means of a cable wound upon a drum by a steam engine, while 
the empty cars are lowered by a (;able nnwindiiig from the same drimi. 
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III the third class an endless rope or cable, which traverses the gallery 
along the track between the rails, is moved by an engine, and the trains 
axe coupled to this moving rope 
and so carried to their destina- 
tion. A few details upon this 
third class of tram roads may 
be desirable., It is understood 
that a double track is laid on 
the levels where tliis method of 
moving the trains is used. The 
general arrangement of the ca- 
bles, the engine, &c., are shown 
by the flgnre in plan showing 
two tracks, the engine, &e. 

The driving engine is gen-' 
erally placed in a recess cut at 
One side of the gallerj-, and 
near an air-shaft, by whicli tht 
smoke from the furnaces can 
escape. The Ciible is wound 
xipon a dram, and is supported 
tliroHghout its coiu'se by hori 
zont-al rollers, and in thetixrves 
is giuded by vertical rollers 
At the ends of the route the 
cable tunis upon di'ums pi iced 
between the tracks, the dnme 
ter of which is equal to the dis 
tance from center to eenttr of 
the roads. In some cists the 
cables run for a part of the dis 
tauce underground. In ordei 
to secure a proper tension of 
the cable, it is passed over a 
pulley upon a movable frime 
counterpoised in such a way as 
to take up the slack of the c i 
ble and give a constant tension 
Tlie cable travels conatantl^ in 
one direction, and thus moves Trammiiig by steam-pmver mnlergioiiud. 
opposite ways upon the two tracks. Trains of twenty or thirty wagons 
can be moved by this arrangement. 

Formerly in some mines the engine was est-ablished at the surface, 
and the cable was guided to the bottom by pulleys and sheaves; this 
was the first plan adopted, but it occasions too much friction and wear 
of the rope, and now the engine is always placed underground. 

To startorstopthe trains it is not necessary to stop the cables. There 
is a conductor in tlie first wagon of each train. When he wants to put 
the train in motion he lifts up the cable with a hoot, makes it pass along 
a wooden block fixed under the wagon, aiid by means of a lever he 
brings forward a wooden wedge, which .squeezes the cable against the 
wooden block. Cable and wagon, being then connected, move together. 
By maneuvering his lever the other way, the conductor disconnects the 
rope and stops the train. "When the train arrives opposite the machipe, 
or where the civble runs under ground, the conductor loosens the rope 
and the ti'aiu runs alone. The momentum carries the train up to the 
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point where the cable reappears ; the conductor then again connects the 
rope to the train aa before. 

In tlie coal mines ofPelton the principal road is 1,500 metres in length. 
It is partly horizontal and partly on a sloj)e of five degrees. The driving 
cable is 0'".022 in diameter, its running speed is &".00 per second, and it 
carries a train of 30 wagons ; the width of the rail is 0".60 ; the strength 
of the motive power is 40 horse-power: and the cable transports 52 
trains in 12 hours, representing a duty or 560 tons of coal. 

Francs. 

The labor costs 13.50 

Coal (refuse) for fuel, 6 tons at 3 francs 18.00 

Eepaii-s, interest, &c 76.50 

Total 108.00 

Which represents a cost of 0.137 franc per ton per kilometre. Under 
the most favorable conditions transportation by horses costs 0.21 fi-anc 
Ijer ton, and by trammers, 0.67 franc. 

GRIP PULLEYS. 

In hauling heavy loads \\p inclines in mines or elsewhere, the grip 
pulleys may be used with great advanta.ge. Mr. A, S. Hallidle, of San 
Francisco, has recently invented a piiUey of this description, which is 
noticed as follows in the Scientific Press of that city : 

Its novelty oonaiBla in bo arraiigiDg the two grippiitg jaws or clips, that they wUl he 
operated by the atrain npoQ the rope, without the neoeaaitv of bolts, rivets, screws, or 
other device for holding them in place. Hie rim of the wheel is made in two parte, 
one of which is formecl solid with aa arm, audof only half the desiredthiolaiesaof the 
rim, BO that it forma a shoulder. This is then bolted ox riveted to the other part, thus 
forming a rim of the required thickness. The flanges, between which the gripping 
jaws or clips are nliiced, are simply spread apart in the ordinary manner of forming 
the groove in pulleys. At intervals aroimd the entire grooved perinhery of the whed 
are cavities or recesses, placed opposite one another in the two flanges. These are 
made widest at the lower part The ohps or jaws are made with spreading arms, so as 
to admit the rope easUy, and the corners extend into the cavities just mentioned, thus 
preventing their dropping out, while allowing of a slight motion to and from one an- 
other. A groove or apace is made Just below the point of meeting of the clips, so that 
when the atrain comes on the rope or chain, which, rests on the bottom of the groove 
between the two jaws, the central jiart of eaoholi^ will he depressed, thnacaiisingthe 
jaws to grip the rope and prevent ita slipping, while the atrain is on, but as soon as 
this is removed, thejflws will work freely in their eoelcets and aJIow the rope to open 
them, and thus iiee itself from the pulley. Tliie invention, in which the Jaws are 
operated automatically by the strain on the rope and their own weight, is osceodingly 
simple and effective, has no complicated parts to get ont of order, or brcalr, and is 
cheaper tlian other kinds. 

TEAMMING IJT MIHING LOCOXOI^IVKS. 

Many efforts have been made to substitute small locomotive engines 
for animal power in undergi-ound haulage, especially where the amount 
to be moved is constant and large. In some of the Peimsylvania col- 
lieries such locomotives are now successfully employed. The first mar 
chine of this kind was built for ihe Lehigh Ooal and Na\'lgation Com- 
pany by Messrs. Grice ik Long, of Philadelphia. It is a locomotive of 
peculiar construction, measuring 13 feet in length by about i feet 4 
inches in width, and 6 feet in height from rail to top of stack or roof. 
It weighs 11,000 pounds, with water and fuel. The wheels are about 2 
feet diameter, are four in number, and are all cLrivers. Distance between 
the wheels, 5 feet 6 niches; gauge of track, 3 feet 6 inches ; rails, 40 
poiinds per yard. 
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The work to be done Is to draw the wagons or "cars" from a " coal 
breaker" into the mine, a distauceof about 7,500 feet, 5,500 teet of which 
is in what ia known as No. 5 Tunnel, near Snmniit Hill. A gi'cat part 
of the road is in a gangway in the coal of a seam overlaying that worked. 
As the coal is a hard anthracite, there is no danger to be feared from 
iire. 

The working expenses of the engine for two months are known with 
accuracy. In order to compare them with the cost of doing the same 
aiuonnt of work by males, we will assame the mine to be working to its 
full capacity, 600 tons of clean coal per 'day. To do this work with 
mules would require the handling of 300 "c^rs" of two tons each (99 
cubic feet) per day, and about 40 cars of " slate," " waste," etc To haul 
these over 7,500 feet of road, requires three teams of seven Mules each, 
drawing 20 ears in a train; there are needed, therefore, three sidings to 
pass trains on, and 60 ears are on the road at a time; tliere will at the 
same time be 20 in the mines, and 20 outside; in all, 100 cars will be 
required to do the work. The wear of the roads by mulea, requires the 
constant work of one man to keep them in repair. 

To do the same amoant of work with the locomotive requires but 50 
ears, since the engine takes in a train of 15 cars in less tlian half the 
time required by the mules; 15 cars in the mine and 15 outside, or say 
50 in all, suffice to "handle" 600 tons of coal per day. There is but one 
"siding" required by the engine; it is at the end of the road, and is 
arranged with an air shaft to carry off the steam and gases from the 
combnstion of the coal. 

The engine has abundantly proved itself capable of drawing 15 to 
38 cars, the road being so graded as to make the work of drawing the 
loaded wagons out, no greater than that of taking the light ones in. 
Its maximum speed is 9 miles per hour, though it does not run at that 
rate "underground" — it (h-aws a train with ease round a curve of 75 
feet radius. 

The following comparison of the expenses attending working with 
the locomotive and by mules ha-s been made; • 

Looomotive per daij. Males per day, 

1 eiigiueor $3 50 31 mules, at $1 per day |ai 00 

1 b,i)' 1 35 Bdrivors 6 30 

Eiipaira, oil. fuel, &o 1 55 Extra coat of keeping road iu re- 

pair 2 OO 

Total 6 30 

Leaviug a balance of $23 per day ii 

The men are sent in to their work on the wagons. When these are drawn in by the 
engine, there is a saving of 15 minutefl, morning andeToning; and as one miner cuts, on 
all average, 14 tons of coal (clean and prepared for market) per day, and has one laborer 
to load the same, it will effect a Baviug of 30 minutes a day for eighty-six men, or four 
days, at^=i$B per day, by using tlie engine for this worlc The average of 14 tons per 
day is above that performed Ity the miners, generally, thronghout the anthracite 
mines, owing to the high inclination and great thickness — from 20 to 50 feet — of the 
seams in the Panther Creek Talley. In the Wyoming coal-fields, the average amount 
of coal mined per man per day, is ahont 10 tons. 

If we consider the first coat of the motors referred to, we find : 

Locomotive 13,000 31 mnles, at^SOO #4,200 

SOmiuewagons fi, 350 100 mine oars, at $125 12,500 

1 Biding, say 1, 000 3 "sidings" for passing trains 3, 000 

Total 10,250 Total 19,700 

Sliowing a balance of $9,450 in favor of the engine. 

'R. P. Eothn-ell, mining engineer, in tlio AoiHricaii JouL'oal of Mining. 
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Tatiug tlie iDtei-eat on tlie above at 10 per cent., and allowing 200 working daya per 
yoav, since these mines aie not wnrkefi (luring tlie winter, anil counting twenty cents 
per day for keeping cacli mule 100 days in winter, wo otitaiu ft total saving of 17,565 

Sol' annum, or moro than six cents a ton tipon the coal luiued, effected hj the intco- 
uction of tlia locomotive. 

The constructors state tliat this comparison of a few of the principal 
items of cost and working expenses may be accepted as substantially 
correct for tlie location referred to. The actnal working of the locomo- 
tive justifles the conclusions deduced, yet its introduction is still too 
recent to warrant a very positive assertion that the results wUl always 
show 80 large a balance in its iiivor. 

Since the data were obtained for the foregoing estimates^ another and 
an improved ndning locomotive has been put into the mines, and the 
managej: of the colliery reports that both have proved eminently sue- 
ceesful. Two more have since been, added to the list, and the saving 
effected h\ their substitntion for n ule« is so great that it will soon 
co^ er the tirst cost of the machnies 
The "i ei I i] peu in ^ ot tl e ! om ti\es is shown by the figure. 

r— — = — ^" ^TW " They are built veny 

* I I L| lowandcompaetjSO 

-m lull as to pass through 

|l ' ^ .^^Jl the galleries of the 

— . J, mines, and to suit 

any required gauge ■ 
iiom 2 feet 6 inches 
. I ui ward. Tlieheight 

\ * i I sometimes does not 

" SZ^ -= — -^ ^_^~ ~^ exceed 5 feetffom 

~ _ — the track to the top 

M u ^ Lt ot of the smoke-stack- 

It la of Loui'^e desirable wheie theie is he^d loora f) give a greater 
bei^ht to the stick These locomotive'* will haul fiom 50 to 120 tons, 
gTosaloid the capacity of tlie engine being controlled by the gauge of 
track and the headioom The mmt locomotnes weigh from .9,000 to 
12 000 pounds each and work well upon a Stvpound rail. I"or outside 
work taking the coal to the breakers and returning the empty cars ; at 
bituminous coal pits for conveying the coal to the point of shipment; 
air furnaces, quarries, &c., they are built from four to nine tons in 
weight, each size increasing by one ton. 

Ail these engines are remarkably open and accessible for clea.ning 
and repairs, thei-e being jio part that cannot be readily reached. Cou- 
sideriug the very limited space afforded by the mine gangways, the 
constructors of these locomotives have been remai'kably successful in 
coKibining the boiler and machinery so as to effectually meet the re- 
quirements of the woi'k. 

SURFACE TRANSrOETATlON. 

At most of the mines in Oalifoniia and Nevada, the cars used in the 
mine are taken to the surface and used thei-e also to convey their load 
to the dump-pile or into the mill. But when the point of delivery is far 
removed from the mouth of the mine, the mineral is either thrown into 
enormous wagons, to be hauled by horses over the common roads, or into 
lai-ger cars, running upon. rail. 

The two most notable examples of mining railways in California are 
the roEHl at the Pine Tree and Josephine mhies, in Marixiosa Connty, and 
the railway leading fi'om the Mount Diablo mines to tiie point of ship- 
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meiit of the coal at Aiitiocli, upon tlie Ban Joaqiiiu Eiver. The road at 
the foiiner place is built from the mouth of the mines to the mill on the 
Merced River, and has a zigzag conrse along the almost precipitous slopes 
of Hell's Hollow. The cars, loaded with quartz, are formed into trains 
iiud descend by gravity along the steep iucline, the speed of movement 
being controlled by brakes ; the empty cars are drawn up by mules. 

On lie road from the Mount Diablo collieries, the haulage of the cars 
is effected by locomotives of peculiar construction, very compact and'small, 
so as to pass readily through a low and narrow tunnel. These engines 
work on a grade of 275 feet to the mUe for one and a half miles, and on an 
eight-degree curve, carrying 30 tons, at the rate of twelve miles per hour. 
They are coal-buruing; cylinders 14 by 18 inches; six driving-wheels, three 
feet in diameter; and each locomotive weighs 26 tons. 

These, the first mining locomotives binlt in California, were designed 
;md constmcted at the Union Iron Works, San Francisco, by H. J. Booth 
&Co. 

Ill Nevada, a road has recently been built &om Virginia city, upon Ihe 
Oomstock lode, to the Tmckee Eiver. 

In tlie aiuiual report of the Gould and GuiTy Mining Company, Pres- 
ident Bull alludes to the advantages, present and prospective, of this 
Virginia and Tmckee railroad, toward which the trustees had advancd 
$40,000, In a previous report, it was estimated that these advantages 
would result in a saving of 34 per cent, in the annual expenses of the 
iidne. Though the railroad was at that time not yet completed, there 
liad been already a marked reduction in the cost of wood and timber. 
Tliere had also been a considerable saving- in the amount of supplies ueeea- 
sary to be on hand At Hie close of 1868, the supplies at the mine 
amounted to over $80,000. To have jirovided for suci supplies lor the 
winter of 186!i-'70 woidd have rendered an assessment of |7 per share 
necessary. The railroad will permit the company to draw their suppHes 
as needed throughout the year, and hence the value of the supplies at 
present on hand aggregates only about $30,000. Instead of paying $15 
per cord for wood, the price has been reduced to $11 50, wliile for spring 
delivery conti'acts were offered at $9 per cord. 

At the mines of the Bed Mountain Companj', Silver Peak, Nevada, 
there is a fine surface railway, about a mOeandahalf long, and remark- 
able for the boldness of its curves and grades. Tlie loaded cars deace-ud 
upon it by gravity, and the empty cars are drawn up by mules. Tlie 
road winds along the mountain side, "headiug" the numerous cailons, 
until it aiTives at a point above the larger dumps, where the ore is to 
be deposited to be removed in wagons. The remaining descent to the 
dmnpa could not be travei-sed by the road, even with siich curves as 
bad been employed above, except by enormously expensive trestle-work 
or masonry. The only practicable route requu-ed an acute angle in the 
i-oad, and tliis was in feet introduced, by means of a back switch, the 
suggestion, I believe, of Mr. J. E. Clayton, the superintendent. The 
tiack rmis past the point of turning, and, for a few yards, up hill. The 
ear, rapidly descending, shoots by the switch, audits velocity is dimin- 
ished by the up gi-ade. It is stopped with the brakes, the switch is 
changed, the brakes are opened, and the car starts aguin by gravity, 
and runs back to the switch, where it is deflected upon the next descent 
at an acute angle to the last. The whole operation is performed in a 
few moments by one man. By the am of such back switches, a surface 
tramway may surmount great ditBculties of ground at. small cost and 
trouble. The damps of this company are like those of the Oomstock 
mines. Tbe ore is taken from them by large "baek-aotion" wagona, 
7m 



,dhy Google 



98 MECHAlv'ICAL APPLIANCES OF MINING. 

and hauled six and a lialf miles further, to the mill, over an excellent 
wagon road, constructed at great expense, aud presenting so uniform a 
down grade that fifteen or twenty tons or upwards can be hauled on it 
hy a team of eight or ten mides. It is my impressiion that tlio wagon- 
road cost about $20,000, and the railroad aboiit $13,000. 

TEANSPOBTATION UPON WIEB EOPE. 

Mr, Charles Hodgson is the author of a system of trausiiorting by 
suspending the load upon a moving endless wire rope. This rope is sup- 
ported ou pulleys sustained by posts about seventy yards apart on the 
average, passes around a clip-drum at the end, and is worked by an 
ordinary portable engine. The rope, moves at a speed of about five or 
sis miles an hour, and the boxes suspended from it carry from one to 
five himdred- weight each. They are so attached that they pass the 
pulleys with ease. ThefulJ boxes hang on one side of the supports, and the 
empty ones on the other side. About thirty-five miles of line have been 
completedj and about one hundred miles in length are constracting. 
The cost of a hue capable of transporting one hundred tons a day is 
about £400 per mUe, and the average cost of transportation, including 
maintenance, is about twopence per ton per mile. 

TEAMMTNG UPON A FIXED EOPE. 



An interesting example of transportation uponast-ationarj" wire rope, 



used 



track, stretched tightly upon posts, is found at the Brown 
~" ' ' ' steep mountain slope, about sixteen 

hundred feet from the mill below it, 
aud the rope Is used to convey the 
ore from the mouth of the mine 
to the mill. Two one-and-a-quar- 
ter inch wire cables areatretehed 
between the two points, one for 
the descent of the loaded cars, the 
other for the ascent of the empty 
cars. The cable is sustained upon 
tlie projecting end of a horizontal 
beam, d, tipped with an iron bar, 
e e, as shown in the annexed figure. 
Its upper surfkse thus forms an un- 
broken tra«k. The cars / are sus- 
pended uponit by means of a curved 
frame-work of iron, g, in which 
there are two wheels, with hollow 
faces to fit the cur\'ature of the 
cable. 

The descent of the loaded car, 
draws \\p the empty ones ou the 
other tra«k by means of a small 
iron rope, half an inch in diameter, 
by wliich also the si)eed is regu- 
lated. 




Transpoi'tation of 



AUTOMATIC DUMPING. 

At the Mount Diablo mines, California, there is, at the Hope colliery, 
an automatic arrangement by which the mine cars empty themselves 
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into the bunkers. The forward end of each ear is closed by a flap-door, 
hung upon ii i"od at the top in the usual manner, and secured by a latch. 
As the cars come to the surface, each one is switched off upon a separate 
branch track, leading to a little platform at the head of the screen, over 
■which the coal runs fi'oni the cais into the bunkers. This platform is 
just wide and long enough to receive and hold one car, and is hung upon 
trunnions at the side of the track, and about two feet higher than, the 
rails. The T-railis used upon the platform, and at the front end of the 
latter the rails are curved upward and backward for eighteen inches or 
two feet, 80 as to fit and receive the forward wheels of the car, and hold 
it upon the platform while the whole tips forward. As the loaded car 
runs on the platform the wheels strike the curve of the rails, and the car 
is stopiied ; but as the centre of gTavity of the loaded car is somewhat 
higher than the trunnions of the platform, the momentum tips the plat- 
form and car forward and the load is discharged. Aa the car tips for- 
ward, the latch strikes against a bar of iron and is withdrawn, so that 
the door drops open. The larger cars, in which the coal is transported 
to the vessels at the river, are discharged by a simUar device, except 
that the platform is tipped by a hand crank and gearing. The arrange- 
ment of the small cars for automatic damping is similar to that at 
Blanzy, excejit that there the rail is re-curved backwards far enough to in- 
clude both wheels, and the forward wheel, instead of striking the rail, 
abuts upon a piece of timber by which the shock is deadened. The 
trunnions are bolted to a vertical plate of iron, which sujiporiis the track 
below, and is prolonged above so as to overhang the body of the car, 
and help to retain it when inverted. 

OILING- THE AXLES OF TBAM WAGONS. 

A contrivance, known as Halliday's, for oiling the axles of tram wag- 
ons or cars, which has been in use for some time at Mesne Lea colliery, 
England, consists of an open vat, or tub, placed under the track and 
fitted with a small force pump in tlie center. This pump has two spouts 
or Jets, drawn to a point like the tube of an oiling cup, and then rising 
to the level of the axle-bearings. Oil being placed in the vat, and the 
car having been run over it into the proper position, so that the jets are 
opposite the bearings, the attendant presses with his foot upon a lever, 
which moves the piston of the pnmp and throws the oil into the beai-- 
LQgs. The excess drips back into the vat, and is not wasted upon the 
ground, as is ordinarily the ease. 



CHAPTEE IX. 
HOISTING M A C H I N E K Y A N D A I' P A II A T V S . 

The simplest form of hoisting apparatus is the common hand- windlass, 
^vith a bucket made of the half of a barrel, familiar to every miner. 
Ill Mexico, and frequently in Arizona and Nevada, the bucket is repre- 
sented by a rawhide sack, which has the great advantage of being light, 
strong, durable, and cheap. There are no hoops to fall off' when it is 
dry, and it cannot be stove by falling down the shaft. 

Experiments have been made with the windlass iu Great Britain and 
on the continent. Weisbaeh says that two men can raise a weight of 
17 pounds 2.4 feet per second iu a pit 120 feet deep throughout a period 
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of eight hours. This is equal to abont 8 tons 12 huiitlred-weight per 
day, Mr. Walker, in Euglaud, supposes two men raising coal from a 
depth of 150 feet. One man can exert a force of 12 pounda at a speed of 220 
feet per minute. To convert into foot-pounds, we have: 12x220=2,040 
foot-pounds. Then,2,e40 x 60 minutes x 8 hours x 2 men x 150 feet=7 tons 
10 hundred-weight 96 pounds, raised by Blie two men in a day. This 
ehows theoretically what can be done. Practically, such results are not 
attained. 

As the depth of the pit or shaft increases, a horse- whim is substituted for 
the windlass, and this la turn is displaced by water-power or a, steam 
engine and hoisting gear, with horizontal winding drums. Horse- whims 
of good construction have drums fi-om eight to twelve feet in diametei", 
but they are often larger. The arms attached just below the drum are 
from 30 to 36 feet in length. In Mexico whims of enormous dimensions 
are constructed for hoisting from the large and deep shafts, and they 
require ten or twelve horees. As the strength of the hoistlug apparatus 
is increased, the size and weight of the buckets are made to correspond, 
and iron is substituted for wood, or the tubs are made of plank and 
are heavily ironed. 

KIBItLBS. 

Probably the best form of mining bucket, and one which is more or 
J in use in California, is the Oomish kibble, a cylindro-conical vessel, 
made of iron, in plates one-quarter of an inch thick, and 
strongly riveted together, as shown in the figure. A 
kibble of medium size weighs three hundred- weight, and 
has the following dimensions : height, 34 inches; dianie- 
' ter at the t-op, 23 inches ; at the bnlge, 24 inches; at the 
i bottom, 15 inches. The charge is seven hundred- weight 
I But this weight is too great for horse-whims ; and for 
I these the kibbles are made smaller, weighing from one to 
I one and thi-ee-quarters hundred-weight, and holding a 
f mean charge of two hundred-weight. 

At Drakewell's, Cornwall, some years ago, kibbles were 
imise.weighing 4| hundred-weight; charge 15 iiundred- 
weight; height, 36 inches; diameter, 33 inches. 
"When a loaded kibble is brought to the surface it is 
Cornisli Kibble. ii,-,'erted and discharged by inserting a hook, at the end 
of a hanging chaiu, in the loop at ^e bottom ; the kibble is then low- 
ered and becomes suspended by the bott-om while the load falls out. 




Kibbles or buckets swinging freely in the air can only be used in large 
and vertical shafts, where there is room for them to ascend and descend 
without strikuig the sides. In narrow shafts, and particularly in those 
which for a part of the way are not perpendicular, but inclined, it be- 
comes necessary to confine the buckets to a certain path, and this is 
doue by means of guides placed along the sides of the shaft. Buckets 
or boxes so guided are known as sJcips, and have been much used in 
Cornwall and in some oi the gold mines of California. Tlie annexed 
drawing of a skip used at the Princeton mine, Mariposa Estate, will 
serve to show the construction. It consisted of a rectangular box, made 
of boiler-iron, one-quarter of au inch thick, and strongly riveted with 
angle-irons in the corners. It was 5 feet 5 inches in its greatest length, 
and two feet square in section. The wheels, one foot in, diameter, ran 
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upon short axles bolted to the side of the bos, and served to support it 
when passmg along the iaclines, and tj) keep it in place when rising 
between the vertical guides. These guides were of 
wood, 6 by 6 inches square, and faced with a strap- 
rail. Short bare of iron, or "rubbers," projecting 
from the skip behind these guides, together with the 
wheels in front, served to keep the skip in position. 
The bottom was made inclined, at an angle of about 
43 degrees, as shown in the figure, and the load was 
discharged thi'ongh a flap-door, secured by massive 
hinges in Iront. On rising to the toi) of the shaft, it 
throws open two oaken trap-doors, which fall back and 
close the opening as the skip passes, and in the de- 
scent of the skip for dumping, its inclined bottom 
rests upon one of these doors, inclined at a similar 
angle. The door serves also as a chute to direct the 
load into a car placed to receive it below. 

When the Princeton mine was in its best condition, 
and worked with most vigor^ the hoisting was eftected 
through three shafts, all within a distance of about 
500 feet, and with three engines. They took out an 
average of 180 tons a day, working one shift of eight 
hours only, for a long period, and sometimes 200 tons 
a day, hoisting in skips, a ton at a time in one, and 
900 pounds in the other. The main shaft, where the 
largest amount was hoisted, was at that time 330 feet 
in depth. Skip-Prmeetou mme. 

The skips in Cornwall weigh from 6 cwt.. to 9^ cwt., and the charge 
varies from 11 cwt. to 12^ cwt. Skips are applicable, especially in mines 
with inclined or crooked shafts, where tor a part of the course the hoist- 
ing is upon a slope and in another portion is vertical. At the Amador 
mine, (Hayward's,) instead of skips, cylindrical iron tabs, guided along 
the slope of the shaft by two strong stringers of timber facod with iron, 
were in use for several yeai's. The cylindrical form of the tubs per- 
mitted them to rest iu the angle between the two gnides, andaronnded 
rim at the top and projection at the bottom were the only points of con- 
tact with the guides ; the body of the tub was thus kept from wearing. 
These tubs were about six feet long and twenty inches internal diame- 
ter. By this arrangement of the two tubs, one descending while the 
other was ascending, both the ore and wa.terof the mine were brought to 
the sui-face. Pumps have since been introduced for raising the water, 
but I believe the ore is hoisted as before. 

COST OP HOISTING IN OOENWALL. 

Some interesting data in detail have been published by Mons. M. L. 
Moissenet* in regard to the cost of hoisting at several of the most 
prominent mines of Cornwall, England. He finds it to range from one 
shilling and twopence to one shilling and elevenpence per ton for 
depths ranging from 150 to 250 fathoms. Four examples are cited : Dol- 
coatli, where tbe hoisting is by kibbles and chains in inclined and el- 
bowed shafts ; ¥nite(l mines, where skips with flat ropes work in a ver^ 
tical shaft; Levant, where skips, with flat and wire ropes, work in-an 
elbowed shaft ; and Carnbrea, where kibbles, with chains and. skips, with 
ic, par M. Tj, Moissonct, lugpDieur 
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flat and wire ropes, work iu various kinds of sliafts. The particulars 
in each case extend over a period of twelve months, and tables are 
given for each mine, showing; the qnantity lioiated and tlie cost of ma- 
terials used, not only in the shaft bnt at the engines, and in filling and 
lauding, 

From the various tables I have compiled the following, showing the 
mean depth, the quantity extracted in tons, the cost per ton, and the 
cost per ton per XOO metres at the four different mines. 
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At Doleoath a little over 42 per cent, of the cost was in the shaft, 37 
per ceut. at the engine, and 31 per cent, (nearly) for filling and landing. 

HOISime MACHINERY IN CALIFOBKIA AND NEVADA. 

The simplest form of steam hoist, and the one usually employed in 
California and ffeva-da, for depths of a few hundred feet, especially if 
used in connection with pumps, is a steam engine with eight to ten 
inches diameter of cylinder and sixteen inches stroke, with or without 
link-motion to the valves, the engine only requiring to run one way. 
Upon the crank shaft is a pinion, grooved generally with a large V, the 
inner faces having an inclination toward each other of 60 to 90 degrees. 
This pinio;qi gears by Motion into a large Y-wheel, proportioned to the 
size of the other, so as to hoist iu the shaft from 200 to 300 feet per 
minute. 

This large V-wheel usually forms one flange of the winding drum, 
and upon the opposite end of the drum ia a second flange of the same 
diameter as the V-wheel, but with its periphery broadly recessed to re- 
ceive a friction strap. The blinding drum is made of boiler-iron, and 
is riveted securely to a projecting rim cast on the inner side of each of 
these wheels. The dimensions of this drum are uanally 2 feet C inches 
diameter by 2 feet 6 inches loiig. The diameter of the large-friction V- 
wheel is 4 feet, and of the brake-wheel the same. The whole is keyed 
upon a shaft 3J to 4 inches in diameter, and is mounted xn)on a wooden 
ftame swinging upon a hinge. By means of a lever the large V-wheel 
is pressed firmly into contact with the fixed pinion on the engine shaft 
while hoisting. While lowering, it is thto^nr out of contBCt, and being 
perfectly detached from the engine, ia free to unwind, its movemeut 
being controlled by the application of the friction band. The motion 
of the engine ia controlled by the throttle-valve, and continues all the 
time iu one direction, it being used only during the hoisting. 

This construction for a hoistiug engine is simple, durable, and com- 
paratively safe for small loads and shafts that do not excee<l two or 
three hundred feet in depth. I'or deeper mines and heavier work the 
dnim-shaft ia supported upon a frame which slides upon a secure bed, 
and can be preased up to the V-pinion by levers, and the friction sur- 
face is increased by making several V-grooves instead of one, and giv- 
ing them an acute angle. Where two or more shafts are to be worked 
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from the same engine, a man is placed at each brake. Some engines 
drive as many as four winding flruius from one cranli-shaft. One of the 
disadvanlages of this method is the unequal wear of the V-wheels, 
which require turning off as often as fcwiee a year, and sometimes one© 
in two months. 

Hoisting gear of the liiud just described is manufactured by the 
Union Iron Worlis. By means of long levers the engineer can control 
the engine while standing at the raouth of tlie shaft. The piston of the 
engine has two-feet stroke, and the fly-wheel is eight feet in diameter. 
Tlte winding drnm is three feet in diameter and three feet in length. 
Tills constrn(!tion is characterized by extreme simplicity andj great 
strength. 

Another form of hoist much in use for the mines of the west Tis'-the 
common link-motion engine, with a light fly-wheel fitted with a good 




L o b. \; H 




BoutU &. Co s Hiistiiij, ^1J^ i itus^plun 
brake, and a strong flanged pinion upon the end of the crank, shaft. 
This pinion gears into a spur-wheel, keyed upon the shaft ot the wind 
iug- di'uiu or reel. "With this construction the engine and the win ding 
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drum eau be turued eitlier way, aud if two skips or cages ai-e worked at 
the same time and from tlie same level in the mine, the cables are 

. wound so that one unwinds while the other is winding np, one thus 
balancing the other. But where the itoints of departnre in the hoisting 
change, one reel or dram is made ivith a hub-flange or clutch, so that it 
can he easily adjusted to wind from a greater or leas depth, as required. 
In mining requiring a sadden change of distance of hoisting, (from 
either an upper or a lower level,) each reel and wheel should run inde- 
pendently and have a separate friction hand. The pinions on the crank- 

, shaft are fitted with a clutch, which can be thrown in or out of gear when 
required to lower. The engine is under the control of one man, and 
each brake and reel under the control of another. Wheu the beU 
strikes for either reel to hoist, the engine-man slows the engine to allow 
the clutch ef the pinion to be put into gear. The brakeiuan then re- 
leases the brake and the hoisting commences. For stopping, the clutch 
is thrown onfc and the reel is held by the friction brake. In this way 
two or four shafts can be worked from one engine, and to any number 
of levels. 

The above- described form of hoisting apparatus is illustrated by the 
annexed cut, giving a vertical and a side view of tlie machine with its 
foundation, as made by H. J. Booth & Co. It is here sliown with a 
single bobbin for a flat cable ; the spokes of this bobbin are of wood, 
and are not joined together by iron segments. 

HOISTING AT THE MOUNT DIABLO COAL 5ITN1CS. 

At the Mount Diablo collieries tlie coal is hoisted in cars np a sIoim! of 
37'^ and 327 feet long, by an engine with a 14 bySO-iueh cylinder. The 
crank-shaft carries a ny- wheel 12 feet in diameter, and a pinion 2 feet in 
diameter, geared into a spur-wheel C feet in diameter, which forms the 
end or flange of the winding drum. There are two drums, so cx)nnected 
by a clutch gearing that they can be easily disconnected at any time if 
desired. These drums are of iron, covered with wood, and are about 19 
feet in circumference. A powerful brake, worked by the tbot of the en- 
gineer, is fitted to the circumference of the fly-wheel, aud is capable of 
stopping the engine very quickly. The enguie makes 120 double strokes 
in a minute, and the usual time of hoisting a car carrying about one 
ton of coal is thii-ty seconds. Only one car is hoisted at one time, and 
about 200 are drawn up in tlie course of ten hours. But this is uot the 
limit of the working capacity. As many as 270 have been taken out 
in that time, and the number could be exceeded if desired. Ilonnd 
iron wire rope, | of an inch in diameter, is used, and passes over rollers 
about 3 feet in diameter. In some of the ijits a flat wire rope, winding 
upon a reel, has been substituted. 

At the Pacific Coal Mining Oompauy's mines, near Mount Diablo, a 
very well constructed shaft was sunk vei'tically to a depth of 400 feet, 
and was provided with excellent hoisting works from the establishment 
of H. J. Booth &, Co The e g' e of "" ho e i wer was ^.e d to a 
bobbin-shaft. The e w e t o bob! s w 1 „ n selv fit o i 
cable, balanced; 1 ) ot o an 1 d y h -al e oj e te 1 1 > the 

foot of the engii e Tbe ] mi n i e to ne 1 I ei ate en- 

gine of loO-hors« 1 1 111 1 1 ft 1 ! 
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sliort-ati'oke eugine, with balance valves and. link motion; a piDion 
upon the crank-shaft ; heavy spur-wheel, aud flat winding: cable. 

The mines on the Comstodii lode which have large hoisting works and 
wire cables include the Ohollar-Potosij Empire, Gould & Curry, Hale & 
NoEcross, Imperial, Lady Bryan, Savage, and Sierra Nevada. An en- 
gine recently put up by the Eisdon Iron and Locomotive Works, of San 
T^anciaco, has a 20-iuch cylinder with 40-ineh stroke^ with 3 feet 6 inch 
pinion, 12-feet 8pnr-whe«l, 14-iuch face by 3J-inch pitch, a single wind- 
ing reel for flat cable, 5 feet in diameter, sheave, or shaft pulley, S feet 
in diameter. With this it is intended to work from a depth of 2,000 
feet. 

HOISTING- IN GUIDED CAGES. 

Ill eacli of the methods described the mineral, having been t!)keu to 
the shaft, is either dumped in a pile and then shoveled into the bucket 
or skip, or is dumped through a chute directly into the skip, and the 
empty car is returned to the face. But this necessitates a rehaudling 
of the mineral, which, when it reaches the surface, ninst be again dumped 
into a car or wagon, by which it can be delivered at the proper point 
away from the shaft. 

These and other considerations have led to hoisting the cai' and load 
together t-o the mouth of the shaft. This effects a great saving in time, 
labor, and wear and tear of apparatus. It is the method adopted in 
the mines upon the Comstock lode, and in all well-appointed vertical 
shafts of any considerable depth elsewhere. To effect this, a compart- 
ment of the shaft is fitted with vertical stringers, or " guides" of wood or 
iron, extending from the top to the bottom, which serve to guide the 
movement of a platform cage, into which the car can be placed. The 
platform is fitted with rails of the same gauge as the track, and the car 
is rolled upon these and secured by bolts. The platform is a little 
smaller than the compartment of the shaft, and forms the bottom of a 
framework of iron, by which it is suspended. The frame rises above it 
on each side and connects with a cross-piece above the car, to which the 
hoisting cable is attached. The platform and the fi-amework together 
form the "cage." By means of projecting ears or bars of iron or steel 
rubbera on ea<;h sKle, at the top and bottom, which partly embrace the 
guides, it is kept Itoin contact with the sides of the shaft, and thus 
glides freely np and down. The only friction is between the rubbers 
and the guides, and this friction, in truly vertical shafts, is very slight. 
The shstR; becomes, in fact, a vertical railway, and is a continuation of 
the tramways below, uniting them mth the distributing tracks above. 
Tramming and hoisting thus become a connected and continuous oper- 
ation. A carload of mineral is tolled to tlie bottom of the shaft and 
placed upon the platform, tlie signal is given to the engineman above, 
and the load starts upon its vertical journey. 

Most of the mines at Virginia City and Gold Hill, upon the Comstock 
lode, and in other parts of Nevada, and the principal deep mines iu 
California, with vertical shafts, now use the eag'e. It is single, large 
enough for one car only, but the hoisting is very rapid, fi?om 500 to 1^200 
feet per minute, (8 ft. to 20 ft. per second,) and with heavy loEids weigh- 
ing from g,000 to 8,000 pounds. 

The construction of tiie cage, as I have remarked, is very simple, be- 
ing usually a squal'e plank platform with a track, upon which the car 
stands, and suspended by a kind of stirrnp-frame of iron at each side to 
an arched cross-bar of iron at the top, through the center of which the 
rod of suspension passes freely, and is fii*mly bolted jiisfc below to a 
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aud pJnn of oue eiicl of tLo Safety Cage in use in NoviuLi. 
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secoinl iron crossbar, free to move up and down in slots made in the 
frame on eacli side. This second cross-bar is connected at its two ends 
by arms on the outer side of the frame with the lever ends of dog- 
clamps or safety catches. The constnxction will he more readily under- 
stood by reference to the figure, giving a side view of the most approved 




form of tlie cage and catch, now iniise in the mines of the Comstock 
lode. The platform P P is five feet long and three feet eight inches 
wide. It is surmounted by a hood, H 11, of boiler-iron, firmly secured 
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by hinges to tlie top of the frame, and designed to protect the miners 
from falling bodies. The height of the cage from the top of this hood 
to the bottom of the platform is eight feet. The ends of the rubbers 
are seen at B B and E' E' ; the clamps, or safety catches, at C ; and the 
arms A A, connecting these witli a cross-piece above, B' B'. A safety 
hook, 8, for detaching the cage in case of overwinding, is placed at the 
top and turns in the head of the suspending i-od. When tiie cage is at 
rest at the bottom of the shaft, or whenever it is not suspended by the 
■winding cable, the cross-bar B B, and cross-piece B' B' are pressed 
downward by a long and powerfiil steel plate spring, and this throws 
the points of the catches into the sides of the guide-timber, and 
not into the fece, as is the case with Fontaine's and other safety catches. 
The construction of the upper part of the cage, including the spring 
and the suspension rod, is not shown in the side view of the cage, but 
will be seen in tlie second figure, giving a front view. 

During hoisting or lowering the spring is compressed, and this serves 
to relieve the cage and load &om the shock which attends a sudden 
commencement of hoisting. 

The hand-lever just above the platform controls iron rods which rise 
through the floor of the cage and hold the cars securely in place dur- 
ing the ascent and descent of the cage. 

The whole construction is light and simple, and has given general 
satisfaction. It is not closed in at the top and sides as closely as in the 
foreign mining cages, and is high enough to allow miners to stand up- 
right as they Rscend and descend. The hood is hinged to prevent the 
imprisonment of miners in case of accident, or drowning, if, as some- 
times happens, the cage is lowered into water. 

EUROPEAN aUIDED CAGES. 

In Europe cages are made in a much more substantial and cumbrous 
manner, and they are generally arranged to receive several cars, either 
one above another upon separate platforms or, when the shaft is wide 
enough, two or three abreast. At Mons, in shaft K^o. 12 of Grand 
Hornu, eight wagons have been put into one cage of four stories. 
When the wagons are large, as, tor example, those of twelve hectolitres 
at Blanzy, the cages are only two stories high. 

They are usually made of iron, on account of both lightness and 
strength ; and the angle irons and T-irons are found to be well adapted 
to the purpose. The cage of four stories was the form in use a few years 
since at Anziu, It is made of angle' iron, strongly riveted, and weighs 
as follows : 

Kilogi-jLiiimea. 

Plate and angle irons 055 

Sheet iron 220 

Cast ii'on 32 

The safety catch, (parachute) 218 

Total weight of the cage - 1, 125 



This cage will cari'y 2,000 kilogrammes of coal in the four wagons, 
■which themselves weigh 720 kilogrammes, thus making the dead weight 
as much as 1,845 kilogi-ammes. 

The cage used at Charlcroi holds four wagons, like those at Anzin ; 
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but tliey are bere plticed end to end upon two floors only, and the cage 
weighs 900, tbe four wagons 780, and the charge 1,600 kilogrammes. 

At the Paris Exposition of 1867 Nicholas Libotte, eoustriietor, of 
Silly, near Charleroi, exhibited some cages intended for the collieries of 
Charleroi, Belgium. These cages are remarkable foT their extreme 
lightness and strength, and for the perfection of the forging. They are 
made of steel, are intended for a narrow shaft, and are capable of taking 
six wagons, one above aiiothor. The cage weighed as follows : 

Kilograiiuoes. 

Gage - 1, 434 

Parachatc 128 

Total - 1, 5G3 

Another cage, similarly constructed, was made in two stages only, 
but was also designed to receive six wagons, three on each stage : 

Kilogrftinmes. 

Weight of cage 1, 268 

Weight of parachute - 104 

Total 1, 432 

This cage was made for a shaft near Liege, Belgium. 

In order to diminish the shock which results from the sudden descent 
of a cage upon the platform at the bottom of a shaft, especially when 
the cage is used for the descent of miners,, caoutchouc springs have 
been placed under a false plattbrm or landing, so as to prevent violent 
concussions wheu the motion of the cage ia not sufficiently arrested in 
sesison to avoid a shock. So also, in oi-der to avoid the sudden shock at 
the commencement of hoisting, spiral springs have been placed between 
the end of the cable and the top of the cage, so that the spring would 
be compressed before the cage began to move. . But such springs re- 
quire to be very strong and heavy to he of any service where such great 
weights are to be lifted; and this has led to the phm of placing large 
steel plate springs nuder the axle bearings of the great pulleys at the 
top of the shaft. But it is also desirable to have an elastic tbrm of at- 
tachment to the cages ; and this is secured to a certain extent by the 
use of the safety-catch, which requires a spring. 

C!A3LES, "WIRE ROPE, WINDING DBUMS, &C. 

The leading mines upon the Comstock lode extend from 1,000 to 1,300 
feet below the siurface. In nearly every one the companies have changed 
their lioistiug works several times, increaaing their power and improving 
their construction to suit the increased duty of winding from constantly 
augmenting depths. Hemp cables have given way in pai-t to round wire 
j'Opes, and these iu turn to flat wire cables, some of them made of steel 
wire. The dimensions of these flat cables are 3 by J inch to 6 by IJ inches 
for iron, and 2J by J inch to 4 by ^ inch for steel. The length is usually 
1,500 feet. 

The manufacture of wire cordage and flat winding cables for mines 
is carried on in San Francisco upon an extensive scale at the works of 
A. S. Hallidie, erected in 1857. Their capacity of production is now 
over 1,200 tons of rope and cable annually. Their manufactures embrace 
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every deseription of wire cordage, from the delicate bell and signal 
cord to tliose of a single piece 3,000 ieet long and weigliing nearly 
40,000 pounds. Most of the hoisting woi-ks upon the Coinstock lode 
have been sapplied with winding cables from this establishment. 

This firm has recently made a cable for the Imperial mine 1,600 feet 
long, 6 inches wide, and ^ inch thick, weighing 8,400 poiinds. This 
cable is wound upon a 6-foot drum, but as generally several layers of 
the. cable remain on the drum, not being unwound, the diameter is in- 
creased to 6J to 7 feet. The sheaves for flat cables are usually only 7 
feet in diameter, but this is too small j they should not be less than 12 
feet. 

DTAMl'lTHIi OF WIKDI]SG DlltlMS. 

It is a common defect in all the hoisting works of California and 
ifevada that the winding drums and pulleys are too small. In Europe 
the diameter of winding drums has been greatly increased, and there 
are many examplesof drums 20 feet in diameter. At the Casimir Perier 
colliery at Somaiu the round wire rope is used upon a druju with a di- 
ameter of 7"'.14, or 25 feet. Twenty-flve turns of this drum winds up 
600 metres of cabla The weight of cable is four kilograms per metre. 

These large drums are particularly desirable tor wire ropes, which are 
destroyed very fast by a short bend. On these large eiramfereiices the 
turns are fewer, and the cable need not be coiled several times over 
itself, which causes great wear and destruction of the sti-ands. Bitch 
turn of a drum 22 feet in diameter represents 66 feet of length of cable, 
and 25 rounds will reach 1,650 feet deep. "With a rope one and a half 
inch thick the drum would have to be a little over three feet in length, 
In such a case the radius of the drum in winding would remain the same 
when wire rope is used ; but this is not the case with hemp rope, which 
has a much greater diameter, and when winding up around the arum it 
must coil upon itself several times, and thus increase considerably the 
radius of the drum, and, on the other hand, iu unwinding or lowering 
into the shaft the radius of the dram is rapidly reduced. 

The difference of radius is insufficient to compensate for the weight of 
the unwound cable, and such an arrangement requires powerful engines 
to lift up the dead weight of cable at the start. From that moment less 
and less power is required uutil the two buckets or cages meet in the 
shaft; then the descending cable gradually takes the advantage of the 
ascending one, and the steam-engine, instead of driving, is soon driven 
with an increased velocity by the increasing weight of the descending 
cable. To avoid these inconveniences a system of counterpoises is us&i. 
Eopes carrying a counterpoise are wound around sheaves placed on the 
shaft of the drum ; these counterpoises play up and down the shaft for 
about fifty or sixty metres; the cable unrolls as it goes down, and tlie 
radius of the sheaves diminishes. It is so arranged that when the entire 
cable is paid out and the counterpoise is down the two buckets or cages 
pass each other in the shaft. At that time the strain upon the hoisting 
drnm changes, as also the action of the counterpoise. Therotary motion 
of the hoisting drum continues in the same direction, as also that of the 
sheave, which now winds up the rope of the counterpoise in the opposite 
direction. The force required to raise up this counterpoise counterbal- 
ances the weight of the descending cable. Another way, which gives 
better resnlts, consists in using a very heavy cast-iron chain as a coun- 
terpoise. 

M. Quillacq, a Belgian engineer, after having visited tlie lioiating 
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works of England, and examinetl tlie system of counterpoises used there, 
proposed to i)lace tlie mnding bobibin directly over the shaft, and thus to 
dispense with the sheaves. Drums seven metres in diameter are placed 
on the top of the shaft, instead of the sheaves, and are driven directly by 
a double-cylinder engine. This system, -which is fidly described in " £e 
MatSHel des HowMres,^ by Professor A. Borat, has not been entirely suc- 
cessful so far ; but it has shown, however, that an economy of fifty per 
cent, can he realized on the wear and tear of cables. 

Although difficult to do away entirely with the sheaves, it is quite 
easy to increase their diameter so as to avoid giving a short bend to the 
cables. It has been suggested that a series of rollers or small sheaves, 
placed on a curve of large radius, might advantageously be used instead 
of very large sheaves. 

STEBL-WIEB CABLES— WEIGHT AND STEENGTH OP CABLES. 

The use of cables made of steel- wire has been highly recommended on 
account of their superior strength and lightness. In pi-a«tice abroad 
the high hopes entertained of the value of these cables have not been 
I'calized. The wire undergoes rapid changes, and has been found after 
five or six months' nse to become brittle, so that the cable could no longer 
be relied upon. Some of the flat cables now in i^e in Wevada are inade 
of steel ; but no data regarding their weight and wear have been re- 
ceived. 

The following table exhibits the size in inches of flat cables, their 
weight in pounds per fathom, their working load and breaking strain.* 
I have added also a valuable table which has recently been published, 
giving the comparative strength of iron, steel, cojiper, and hemp cables, 
expressed in dimensions and weights of the metric system.t 
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PRECAUTIONS IS USING WIRE-KOPl. 

Ill winding with ronnd wire rope upoii conical drum t u i ortant 
to make sure that the angle of iucliniition of the surfa e ot the in is 
not too great, as otherwise the coils of the rope are apt to 1 p off n 1 
cause serious accideuts. Several fatal accidents have oceu le 1 n Eiig 
land troin this cause. They are mentioned beyond m coonPcUou w tl 
the notice of the varioos forms of safety cages. Mi "W^les a "ove n 
iiient mining inspector, (Gi'eat Britain,) in his examination upon the 
cause of one of the accidents referred to, said : 

" In his opinion, what most affected the proper and safe working of 
the spiral di'um was the angle which the rope formed between the pulley 
over the shaft and certain portions of the dram. In the present case 
the angle was fifteen degrees, and in his opinion the accident was prin- 
cipally due to that fact, and not to any defect in the rope, which was 
broken by the jert caused by the rope falling fi-om the drum. In con- 
<;hisiou he remarked that in erecting spiral drums care should be taken 
to have the rope at as easy an angle as possible, and in no case ought it 
to exceed from ten to eleven degrees." 

Professor Warrington Smyth, of the British Eoyal School of Mines, 
in one of his lectures directs attention to the precautions necessary in 
the use of conical drums. He mentions the case of a very serious ac- 
cident a few years ago, by which the lives of a number of men were 
sacrificed, simply, he believes, in consequence of the cage having been 
woimd up at too great a velocity, and then allowed to slacken too sud- 
denly, the residt being that the laps got loose, some part slipped off, 
the rope went over the edge of the drum, and was snapped. Mr. 
Smyth then points out how this danger may be obviated by an ingen- 
ious contrivance of M. Lemielle, which consists of an endless rope passed 
down the shaft, and over a pulley at each extremity. The rope is thus 
kept constantly stretched out, and motion is communicated to it by a 
direct-acting cyhnder, which sets one of the pulleys in motion. 

It is found to be very dangerous to allow wire ropes to wind over 
any inequality or projection by which the wires are subjected to repeated 
bcinding back and forth. At the Cannock Chase Colliery, England, 
in 1867, the ilat-wire cable suddenly snapped and precipitated eight 
men and boys to the bottom of the shaft, killing five. The inspector 
found that at the point of fracture the cable had been covered for about 
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eighteen inches with hemp, which had become hard and solid, and 
formed a bolster or projection on both sides of the cable, three-fourths 
of an inch thick. The object of placing this hemp npon the cable was 
to show the engine man when the cage wa-s opposite a certain drift, where 
it had to stop. In passmg to and &o over a ptdley five feet in -diameter, 
and under a drnmol'tlie same diameter, the constant bending broke off 
the wires. This effect was probably gradual, since it appeared on exam- 
ination tha.t only twenty-five or twenty-six wires, one-seventh of the 
number in the cable, were whole when the cable finally parted. The 
covering also prevented the condition of the cable from being known, 
and it was believed that the breaking of the wires had been going on for 
three weeks or a month before the accident. 

EXAMPLES OF HOISTING WORKS ABROAD. 

As the depth of our mines increases the importance of improying our 
hoisting works becomes more and more appai'ent, and it will, therefore, 
be appropriate to notice in detail some of the beat specimens of hoisting 
engines now in nse abroad, particularly at the collieries of Belgium, 
France, and Great Britain, where we find the most perfect types and 
exhibitions of mining upon the most extended scale. At present oar 
best hoisting works are only approximations in construction and in 
magnitude to those abroad. The extent of our mines has not required 
us to carry our machinery to such a degree of perfection ; but the day 
is not distant when for tlie Oomst-ock lode alone we shall not only have 
to avail ourselves of the fruits of experience in deep mining in foreign 
couutries, but even to improve upon their most admirable and beantiful 
machines. 

There is nothing to prevent, iudeed there is much to encourage, us to 
push our explorations of the C'omstock lode to a depth of 3,000 feet or 
more ; and for this purpose very powerful engines and hoisting appa- 
ratus will be required. The wise provision which shonld characterize 
all large undertakings, especially in mining, requires us to take this sub- 
ject into caieful consideration. The engineers of Belgium and France 
have for some years past been discussing the best inethods of carrying 
the exiiloitation of their coal beds to a depth of at least 1,000 metres; 
and soirie of the opinions expressed upon this subject will be mentioned 
at the close of tins division of the report, after some details conceniiug 
the existing conditions of hoisting have been given. 

There are two principal types of hoisting apparatus : the single en- 
gine, acting upon the drum or bobbin -sliaft, through the medium of 
geaiing, and the double engine, actingdirectly upon thebobbin-sliaftby 
cranks set at right angles with each other. Of these two types, the 
double direct-acting engines are preferred for large collieries, where 
rapid hoisting is essential. 

Professor Burat, in remarking upon tlie use of engines acting directly 
upon the shaft of the winding drum, states substantially that whenever 
the conditions of hoisting do not require a greater force than 80 horse- 
■power, gearing shonld be tised ; and that the direct-acting engines with 
two cylinders shonld actually exert at least 100 horse-power. If the 
cages are not required to move with a velocity of at least four to five 
metres a second the geariug is evidently preferable to placing the wind- 
ing drums upon the crankshaft. This opinion is confirmed by compari- 
sons between the consumption of coal in hoisting works upon the two 
plans, which arein favor of themaehiueswith gearing. For hoisting with 
great rapidity, the direct-acting machines are the best, and are now 
generally used. 
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Many establishmenfce, iiud especially those of Haine-Saitit Pievre, of 
Couillet, and of Scriang, in Belgium, and of Qiiillacc|, at Anzin, have 
XH'odueed hoisting apparatus of this type whicli appear to leave little to 
be desired. Such machines are made either vertical or horizontal. In 
the former the winding reels are raised high in the air, and the only ad- 
vantage appears to be that the inclination of the cable is lessened, so 
that the angle it makes with the siirface of the sheave is increased. A 
disadvantageisthe instability of the machine, owing to the little ^readth 
of foundation, and to its gi'eat height. The liorizontal engines are 
much more firm and snhstantial. 

ihe accompanying illustration, prhited upon a separate sheet and in- 
serted, (page 114 A,) tepresentsan engine of Quillacq's construction of the 
vertical type. This figure is reduced by Bien's photo-relief process from 
one of the beautifully engraved plates in Burat's Atlas. It does not 
require much explanation; Ono cylinder is shown in section with the 
piston at the lower end. The brake-wheel is between the two bobbins. 
Tlie engineer stands upon an elevated platform on a level with the bob- 
bin-shaft, and controls the valves by means of levers. Three inches and 
three-eighths of an inch upon this reduced drawing representsa distance 
of about Ave metres. 

In all of these modern engines a very great improvement has been made 
by the addition of a powerful brake, worked by steam. Instead of the 
attendant exerting a large part of his strength upon the lever of a brake, 
it is now only necessary for him to open a valve by a hand lever, and 
thus admit steam to one side of a piston in a short cylinder, and the 
bfake is instantly applied with greater force than a man could possibly 
exert. For such powerful engines as are now in use, and worked as 
they are at a high rate of speed, a brake of this kind is indispensable. 

Mr. Quillaeq, constructing mechauieal enginfeer at Anzin, appears to 
have been a pioneer in the constnxction of large direct-acting double- 
hoisting engines- He published a description of one of these engines in 
1859.» 

The cylinders were each C^.OOO in diameter, and the pistons had 
a stroke of 1'".800 ; bobbin-shaft 3™ .400 long and 0'".290 iu diameter ; 
two bobbius 0™.5O0 in diameter; Stephenson slide motion; a steam 
brake, with the cylinder 0™.35O in diameter, drawing the two brakes of 
wood powerfully upon the periphery of a wheel 3" .300 iu diameter. 
This machine was provided with signal indicators, and apparatus for 
arresting the motion of the engiues and cages after the cages passed a 
cei'tain point above the mouth of the shaft. The whole machine, with 
feed-pnmps and fixtures, weighed 42,000 kilogrammes and cost less than 
40,000 francs. 

The same constructor exhibited a very beautiful hoisting apparatus 
at the Paris Exposition in 1867. It was a double engine of about 200 
horse-power. The cylinders were vertical and connected directly with 
the bobbin-shaft, supported high in the air above the engines. Cylin- 
ders about 3 feet in diameter and feet stroke. Link motion upon 
both. Bobbins for flat wire or hemp cable, and 22 feet in diameter. 
Steam brake, signal indicators, and apparatus for preventing overwind- 
ing were all included in this beautiful machine, for 38,000 francs. It 
appears from a bulletin that from 1856 to March, 1867, inclusive, the 
firm had supplied 67 machines of 7,012 horse-power in the aggregate, 
varying from 6 to 500 horse-power, the latter for pumping. 

In a machine exhibited by A. Audry, engineer of the establishment 
of Mr. F. Dorzee, near Mons, the bobbin-shaft is i)laced below on a 
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level witU the floor, and the cylinders rise vertically above it and act 
downward, instead of upward, as in the eiigiue hy QuiUacq. The cylin- 
ders of thia machine are 0'".90 in diameter and the strobe 1™.40. Five 
machines have been made apon this model at different times from 1853 
to 1867, varying in capacity from 80 to 150 horse-])ower. 

A very beautifnl machine of tlie direct-acting horizontal type was ex- 
hibited at Paris in 1867, by the establisliraent of M. M. Schneider & Co., 
of Orenzot. Its strength, proportions, and convenient arrangement of the 
various parts were admirable. The cylinders, 2™ long and 0".65O in 
diameter, are placed 5"'.60 apart, from centre to centre. The rods are 
connected directly with cranks of 1", placed at right angles upon the 
opposite ends of a main shaft, 0'".3 in diameter, which carries tlie two 
bobbins and the friction-wheel, to which the braises are applied by means 
of steam, acting upon a piston in a small cylinder below the floor of the 
engine-room. The diameter of this wheel is 3'°, and tlie lengtli of each 
of the two wooden bloelia which bear upon its periphery is V.^, The 
diameter of the drum of the bobbins is 2™ .04, and total diameter along 
the arms is about 5>^.5. Tlie arms of the bobbins are of wood, and the 
extremities are not connected by segments, as in many of the Belgian 
and French machines. The length of the lever controlling the brakes is 
1™.9, the diameter of the cylinder 0"'.34, the length 0™.47. 

The engineer stands midway between the forward ends of the cylinders, 
with both the bobbins in fnll ^iew, and by means of conveniently placed 
levers and hand-wheels controls the movements of the engine and the 
operation of the steam-brake. 

The det-ails of couBtntction of a portion of this engine are shown by 
the accompanying figure, reduced by the iihoto-relief process irom the 
largerworking drawing^ published in the Fortefemlle dea Ing^nieurs, by 
the Messrs. Anneng'aud. The figure gives a longitudinal devatioa of 
the bobbin, the brake-wheel, and bi-akes, together with the steam cyhn- 
der for operating the brake, and the levers by wliich the engineer con- 
trols the movements of the engine. The cylinders of the horizontal en- 
gines and their valves are not shown. B is the bobbin-shaft, carrying 
the bobbin with wooden spokes D D D and a cast-iron brake-wheel 
P P. The spokes, eight in number, are not united by segmental rims at 
their extremities, as in some machines, but iu'e disconnected, the cable 
winding truly between the two opposite sets of spokes without catching 
upon their ends. These spokes are flnnly bolted by their inner ends to 
a cast-iron socket plate, 2™.04O in diameter. This plate and the brake- 
wheel P P are securely keyed to the shaft B. An arm, K, lni.90 in length, 
worlis loosely upon the shaft B, and by means of the connecting rods J J 
controls thebrake pieces 1 1, faced with blocks of wood 1™.20 long, which 
fit into the hollow face of the brake-wheel P P. The brake-pieces, as 
will be seen, are supported in an upright position 3 .230 apart by the 
prolongation of their frames to the foundation below, to which they are 
united by hinge joints. The undue separation of these bi-ake-piecea is 
prevented by set screws placed behind each, and their approximation 
and pressure upon the brake- wheel is controlled by means of the rod K, 
extending irom the end of the arm E to the steam cylinder M. By means 
of the hand-lever O N steam can be instantly admitted t-o one side or 
the other of the piston in M, and thus operate the brakes with great 
force. 

The engineer stands upon a platform just above the steam cylinder M, 
and controls the link-motion by means of the horizontal hand-wheel E. 
The dimensions and distances of the most important parts are indicated 
upon the figure in metres aiicl in fractions of a metre. 
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At tlie mines of Sainte-Barbe, at Bezeiiet,tlie extraction from a deptli 
of 101 °i to 185™ is effected by a doulile liorizontal engine, the two cylin- 
ders being connected directly with the bohbin-shaft. The pistona are 
Qai.? in diameter, and 1™.9 stroke. The drum or center of the bobbins 
is 3" .5 in diameter, and the miidmiiiii radius of winding spgce is there- 
fore lf".75 for one of the bobbins, and greaterfor the other, which winds 
■fipom the greatest depth. ' The brake is controlled by a separate steam- 
cylinder. A contrivance for preventing accidents in case of over-wind- 
ing closes the throttle-valve of tlie engine and puts oji the steam-brake. 
This apparatus once prevented a very serious accident, by arresting 
the cage before it reached the sheaves. 

The cages weigh 1,900 kilogrammes, (1,600'' iron, and 300*^ of wood,) 
and are made to receive six ears. Four sheet-iron cars weigh, when 
empty, 960 kilogrammes, and contain 20 hectolitres of coal, weighing 
1,600 kilogrammes. The dead weight is therefore 1,900 + 960 = 2,860 
kilogrammes. In oi-dinary working the time of ascension of the cage and 
load is 27 seconds. The landing and returning the cars i-equire a mean of 
18 seconds ; total time, 45 seconds. Practically, they take out four cars a 
minute, or 240 cars per hour, and 2,400 in ten hours of effective work. 
Experience has shown that they can extract regnlarly 2,000 ears, con- 
taining 10,000 hectolitres, in ten hoxirs. Thetwo cables are adjusted to 
hoist from two levels, 24™ apart. The drainage is effected with a single 
trip, and occupies only a part of the night. Tbe quantity of water ex- 
tracted varies between 6,000 and 10,000 hectolitres. The cables are 23 
centimetres wide and 42 millimetres thick, made of iron wire covered 
with hemp.* 

As an example of the dimensions and cost of modem hoisting engines 
in Saxony, the following from the notes of W. Fairley, mining engineer 
and surveyor, is interesting : The mine is at Zwickau, the Briieken- 
berg colliery, 444 English Mhoms in depth. The shaft is rectangnlar 
in section, 28 teet long by 8 feet broad ; one-half of it is used for wind- 
ing with two cages, the other half for a ladder-shaft and return air. 
The ventilation is eftfected by a Guibal's ventilator, measuring 7°' by 3™, 
and driven by a 50-horse engine. The hoisting works consist of a pair 
of horizontal engines, built at the Wilhelm's Hhtte, Sprottan, Schleswig, 
at a cost of £2,850. The cylinders are 42 inches diameter, stroke 8 feet, 
winding-drum for flat ropes 12 feet diameter, ropes tapered. The time 
required for hoisting from the 444 fatliom level is two and a half min- 
utes, a speed of about 20 feet, on an average, i}er second. The cage 
carries two wagons of 10 hundred-weight side by side, and is furnished 
with a safety apparatus for its arrest in ease of the breakage of the 
rope. 

GENERAL OBSEEVATIOKf^ UPON lIOISTIN<i ENLilKES. 

In all these engines for collieries, where coal is so abundant and 
cheap, very little attention has been given to the question of economy 
of fuel, a very important one for regions like that of the Comstock, de- 
pendent upon wood brought from a distance at considerable expense. 
Condensing engines are too complex for hoisting pnrposeSj wheiB it is 
so often uecessttry to reverse the motion; and the only direction in which 
it appears i»ossible to effect a great saving of steam is in working it ex- 
pansively as much as possible by the use of suitable cut-off valves. The 
Exposition of 1867 contained a double engine on Woolf 's plan, and con- 
sequently ivith four cylinders, which could be used advantageously as a 
" From data snpiilied liy MM. Lan aud iiaixm to Profi saui' Uiinit, IfSiiT. 
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hoisting-engine, if the necessary api)arati]s for chauging the direction of 
rotation were supplied. 

It is an interesting fact that English collieiy. ownei-s find it for their 
advantage to contract for their hoisting-engines and machinery with the 
French constructor Quillacq,atAnzin. This eminent mater astonished 
' the British members of the international jury by the statement that he 
had supplied both pumping and winding engines to an important New- 
castle colliery. It is admitted by the British reporter upon that class 
in the exposition, that the order was given to the French manufacturer 
simply in consequence of his lower price and better finish, as compared 
with the tenders fconi l<jnglish houses ; and he observes : " Here we 
have, then, one of onr Newcastle mines actually working by means of 
French-made machinery, fairly brought in, by open competition, to the 
midst of our machine shops and foundries ; and when we look at the 
inland position of Anzin, and the nnquestionable disadvantages which 
have to he combatted in a district where coal and iron are comparatively 
dear, I cannot but think these results redound to the credit of French 
engineering, and inculcate on ourselves an important lesson." 

Opinions upon the relative value of the two methods of mounting 
hoisting works, whether they should be vertical or horizontal, are still 
divided. The English g-enerally prefer the vertical form. There is not 
oidy the advantage in regard to the inclination of the cables upon the 
pulleys, a very considerable advantage when one of the cables is wound 
on the lower surface of the bobbin, but the engineer can be placed much 
nearer to the landing-place of the cages, and thus, having their move- 
ments directly under his eye, will avoid many accidents that would 
otherwise happen, notwithstanding any system of signals. It hs^ been 
supposed that the vertical machines -are much more costly than the 
horizontal ; but. M, Parent, director of the Anzin works, who has used 
both, holds an opposite opinion. There is so much doubt in regard to this 
matter that the Anzin company, having two shafts to provide with 
hoisting worlis, decided, in 1868, to place a vertical engine over one 
shaft, (Haveluy,) and a horizontiu one over the other, (St. Mark.) The 
question of the relative advantages is still undecided ; but it is agreed 
that in all cases it is best to place the engineer as near to the landing 
of the cages as possible ; and to secure this, the position of the horizon- 
tal engine has been changed. The engine has been turned end for end, 
so as to iilaee the cylinders toward the shaft, and bring the engineer 
within Ave or six metres of it. 

In order further to illustrate the general form of large hoisting works 
abroad, one of the engraved plates in Burat's Atlas has been reduced, 
and is printed upon a separate sheet to accompany this chapter. It re- 
presentei the construction at the colliery of Bezenet, and shows not only 
the large demck supporting the great pulleys over the shaft, but the 
two-story iron cages, the cars, and the arrangement for automatic lower- 
ing of the loaded cars to a track upon the general level while the empty 
cars are hoisted. The engine-house and engine, with the large bobbin 
for flat cable is seen at the right-hand end of the plate. A rod with an 
ram projecting over the cage is so aiTanged as to stop the engine in case 
of ovcr-windiug. The boilers are set outside of the building upon the 
extreme right. 

HOISTIHG PEOJT GEBAT DEPTHS, 

The Academy of Sciences of Brussels in 1S56 proposed the subjoined 
question for discussion, and the minister of public works oft'ered a 
special prize for a satisfactory answer: [Translation.] "Indicate a 
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complete iJraeticable method for extending the exploitation of collieries to 
a depth of a-t least 1,000 metres, -without sensibly increasing the cost of 
■working beyond that in Belgium at the present time." 

Among the most remarkable of the memoirs presented was that of 
M. Devillez, professor of mechanics at the school of mines of Hainault. 
He concludes that, without any new invention, but with a judieions use ■ 
of the best means of exploitation tlien employed, it was quite possible 
to sneceed in working at such great depths. He proposes to use, in- 
stead of hemp, iSat cables of iron wire, weighing, on an average, 7^.33 
per mnning metre, or a total for eacli of 733 kilogrammes. Cables of 
the same length of hemp would weigh more than 9,000 kilogrammes. 
"With such wire cables, he could raise, at a mean velocity of six metres 
per second eight wagons containing together 2,700 kilogrammes of coal. 
The dead- weight of the cage and wagons would reach 2,150 kilogrammes. 
The whole could be brought to the surface in three or four minutes, and 
he thinks that a 200 horse-power engine would be suflicieut for the serv- 
ice. The initial radius of the bobbins_, according to calculation, should 
be 0™.72 for tapering cables of iron wire and 1™.00 for those made of 
hemp. 

Another method proposed for hoisting from great depths, and already- 
put to a test in practice, deserves mention. It is the contrivance of the 
engineer, M. Mehu, and was esperimented with in one of the shafts at 
Anzin. It consists of two vertical oscillating rods moving up and down 
in the shaft, as in the man engine, and attached to the extremities of a 
hydraulic balance. One rod raised the full wagons, and the other car- 
ried down the empty wagons. But after being tried successively at the 
mines of Anzhi and of Bonchamp it has been abandoned. 

TURNINGf OB STAETIHG GEAB. 

An apparatus has recently been constructed and applied in England 
for rendering uniform the driving power of single cylinder steam-en- 
gines used for winding or other purposes. It is well known that the 
driving power of single eugines is far from being uniform throughout 
the revolutions of the crank. ■ At the end of the stroke dead-centers 
exist, and there is no tangential pressure at all; and from these points 
the pressure upon the crank pin in the direction of its motion gradually 
reaches a maxhuum at abont the middle part of the stroke, and as grad- 
ually diminishes to nothing. The object of the apparatus, which the 
inventors* call "turning-gear," is to enable single engines to be started, 
reversedj or to work with the facility and regolarity of double engines, 
with then- cranks atrightanglesto each other. The advantages claimed 
for the apparatus over double engines are its gi'eat cheapness and the 
possibility of its applieatiou to existing engines as well as to new ones. 
It consists of a small supplemental oscillating steam cylinder, placed 
below and a little back of the main crank, and connected with it by the 
middle of a jointed connecting rod, one end of which turns upon a flxed 
bearing in the foundation. A toggle-joint is thus formed, and the piston 
connects at the joint. This toggle is so placed as to operale tangen- 
tiaUy upon the crank when near its dead-points. The inventor claims 
that by such means the engine possesses equal driving power during 
every part of the crank's revolution, so that upon the dead-centers all 
the work is done by the turning gear, but during the rest of the revo- 
lution it is done by the crank alone, or in combination with the turning 
gear. With this transfer of pressure from one part of the revolution to 
" William. Matgeorge, Loudon, iiiid Artliuv Rigg,. Cliester. 
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anoi.her no steam is consuioed ; there ia no loss of power, except the 
mere friction of the appanitus ; neither is tliere any direct gain. 
He says : 

For windiiie; purposes at collieries or mines, single engia.es are oTjJeetionalile, 
iilUiongh frequently uaed, and double enginea are prefarable ott acoonat of their handi- 
iioss and safety frran overwinding and the auifotmity of tlieir power at every part of 
tlieir revolntioii. Now, eis this turning gear gives to single enginea all tliB advantages 
l)eIongin{; to double engines, there is manifestly a saving in first cost, and to this must 
be added less expensive foundations and a smaller engine-bouse. It is e<jnaUy applica- 
ble wWever the use of a fiy-wheel is inconvenientj and has been applied to a com- 
pound marine screw en^ne of lOO-borse power. With, its nse there ia. not the slight- 
est hesitation or nncerlmaty in starting or reversing, and the enj^ine can either revolve 
at full speed or be made to crawl slowly round, ivilJi the regnlanty of olook-worlt. It 
wi)ald lie almost superflnoiis to point oat tbe peculiar advantages of this latter capa- 
bility in doing pit work at colUoiies. 

The inventor claims to accomplish the same result for engines which re- 
volve in one direction only, by placing a large doable cam upon the end 
of the crank shaft, in such a position with respect to the position of the 
crank that it is acted upon by a roller forming the head of a short pis- 
ton, working in a cylinder dii-ectly under the shaft. This is averysim- 
ple and cheap form and can be applied to any engine. Drawings of 
. this apparatus accompany the Colliery Guardian for January 28, 1870. 



OHAPTEJl X. 

SAFETY-CATCHES, OK PARACHUTES. 

The great depths to which mining opemtions are uowcan-ied: the 
increased rapidity of movement of the ea.ges, (often as great as thirty 
and tbrty feet in a second,} and the paramount obligation to protect the 
lives of the miners who often ascend and descend by the cages, has led 
to the adoption of a variety of contrivances for arresting the fall of 
cages in the event of the breakage of the cables by which they are sus- 
pended. 8nch contrivances are known as parachutes or safety catches. 

The great velocity of hoisting requires the cages to be guided in the 
shafts by vertical tracts, which are commonly constructed of wood, 
though of late they are being replaced by iron and steel ; these tracks, 
called guides, being continuous and equidistant along the path of the 
cage, furnish a foundation upon which the various parachutes can act 
to sustain the cage in the event of breakage. 

A large number of patents relating to this important and iudisi>eiis- 
able apparatus have been taken out, bat it may be said that there are 
only three types, and that these originate from the same principle — 
levers di-awn up and away from the guide by the traction- of the cable, 
and in an opposite direction by the tension of a spring which tends to 
throw the levers outward upon the guides, so as to press upon or into 
them with a force capable of stopping the fall of the cage in case of the 
rupture of the cable. 

One of the forms of safety catch now in use in the Savage silver mine 
upon the Comstock lode has already been described and shown by a 
figure in connection with the description of the ordinary form of cage. 
This description and figures will be found upon pages 576, and 671. 

In 18i5 M. Machecourt published a description of a parachute which 
he had applied to the cages in the shaft of a coal mine at Decize. This 
l>arachute consisted of two pointed bars or arms of iron crossed and 
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turning upon a rod like tlie two blades of a pair of aliears. While tlie 
cage remained suspended by the cable tbe points of these arras were 
drawn ioward, away from the sides of the shaft, but in the event of the 
rupture of the cable, the arms were thrown outward and downward by 
springs, and penetrating the timbers of the shaft, held the cage sus- 
pended. 

In 1849 M. Fontaine, of Auzin,' constructed a paracliute for the Tin- 
chon shaft upon this principle, but in a better form, and at the time of 
the publication of Professor Burat'a Materiel des Houillferes, in 1861, the 
form most in favor and indeed the only form with which sufflcient ex- 
perience had been acquired to justify a recommendation of its general 
use, was the Fontaine parachute, then in use in more than fifty shafts 
in France and Belgium, It is considered as having originated with tlie 
Anzin company, and owes it« introduction and success to the careful 
attention with which all its details were studied and modified by long 
experience. 

All parachutes combined and constructed on this principle have given 
satisfactory results, and it may be said that, if the security obtained is 
not complete and absolute, they have, nevertheless, rendered such great 
services that their application has become a question of humanity, ■ 
which cannot be ignored. The following figures will speak in a stronger 
and more peremptory manner than any description to persuade miners 
and engineers to adopt parachutes in their mines. At the mines of 
Anzin, from 1851 to 1859, in fourteen shafts supplied with parachutes, 
twenty-nine cable ruptures occurred, and the parachutes saved the lives 
of one hundred and fifty men. What can be more eloquent and more 
persuasive than this fact*! 

At the mines of Blanzy the experience has been similar, and it is 
probable that if an account had been taken of all the accidents by the 
rupture of cables in Europe since parachutes came into use, it would 
showthatthemen who have been saved from certain death by parachutes 
can be numbered by thousands. 

In order that a parachute should act ■well, it is necessary that the 
strengthof the spring should be equal to 150 kilogrammes, (300 pounds,) 
and then the weight of the cage makes the rest; and the heavier that 
weight the more energetic is the grasp on the guides. 

The three types are — 

1. The parachute with claws, which acts by a pressure exerted upon the 
guides tending to penetrate them longitudinally. 

2. Tlis parachute wiSi eccentrics, which acts by a pressure exerted lat- 
erally on the sides of the guides, and perpendicularly to the plane 
which passes through both of their axes. 

3. The wedge parachute, which acts by means of a set of metallic jaws 
taking hold of the guide, which is made wedge-shaped. This parachute 
gives a lateral pressiu'e exercised upon the faces of each guide, and per- 
pendicularly to the plane of the parachute. 

These several types will be considered one after the other. 

FONTAINE'S CLAW PARACHUTE. 

The annexed figure represents Fontaine's parachute with claws. It 
is the oldest, and was constructed and put in use at the mines of Anzin, 
and may be said to have originated with ,thi8 company, At first this 
parachute was supplied -with only one spring, but two are now used, as 
shown by the drawing. It was the type exhibited upon the two-story 
cage sent by the company of Anzin to the Paris Exposition, in 1807. 
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The two stout diagonally placed arms in the drawing are ai'med with 
sharp steel poiiits, and are so placed iu the frame of the head of the 
cage that when it is snspended in the shaft hy the cable, these claws 




Fontaine's Parachute. 



are drawn up so as not to touch the guides. Two strong, spiral sjirings, 
replaced in some parachutes by steel elliptic springs, ai'e placed below, 
and in tJie event of the breaking of the cable they draw down the upper 
ends of the claws, and the lower and steel-armed ends are forced out- 
ward into contact with the wooden guides, penetrating and sometimes 
splitting them. The cage is thus arrested iu its fall, and is sustained 
entirely by the wedging of these claws against the guides and timbers 
of the shaft. Each claw can work independently, the double hook at 
the top permitting either one or both to be thrown out together or to 
different distances, so that inequalities in the size of the shaft or of the 
distance between the guides may not preyent a perfect contact of both 
arms. The projections beyond the guides upon each side are intended to 
represent a part of the framework at a point where the guides are per- 
forated for the reception of a bolt intended to prevent the cage from being 
hoisted prematurely. This is a contrivance introduced by the engineer 
Cabany, and is placed at the bottom of the shaft. 

The Fontaine parachute has given satisfactory results in saving the 
lives of men, bnt the claws iiyui'e or destroy the guides. It also neces- 
sitates the nse of very heavy timbers for the guides and their supports, 
inasmuch as pressure from the claws is exerted in one direction, and if 
the guides should yield or bend outward the effect would be lost. The 
tirst <!08t of such heavy guides and timbering is very great, and aiiy acci- 
dent, by destroying a portion of the guides, requiresa great expenditure 
for repairs. 
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audemae's parachute. 

Jn order to avoid tUese difficulties otlier coustrnctions liave been de- 
vised. One by Mr. Audemar, engineer in the service of the miuiiig com- 
pany at Blauzy, is sliowu by the annexed figures. It consists of four 




Aiidomar's Pnracliute. 



eceentrio wedges, two on each side, and placed on opposite sides of tlie 
guides ; the release of the springs by the breaking of the cable causes 
these eecenti'ics to turn and to powerfully squeeze the guides and thus 
stop the descent of the cage. This parachute is as certain in its action 
as that of Fontaine, and does not split the guides. The guides and 
the framework may also be made much lighter, for there is no outward 
thrust or pressure tending to bend or break the timber. 

It will be noted that the action of the "dog-clamp" safety cat-ch upon 
the cage ueetl in Nevada (see p. 56) is similar to that of tiiis eccentric 
catch. The sides not the face of the gnide are acted on in both cases. 

The spiral springs used by Mr. Audemar are made of steel wire O^.Ol 
in diameter. When fully expanded they are 0"i.39 long, (nearly 10 
inches,) and they may be condensed to a length of 0'".35 : but in order 
to presei-ve their full elasticity the springs are eondensed from 0".09 to 
0™.ll only. A compression of 0m.09 is sufficient, and this gives a re- 
sistance of 180 kilogrammes, (about 360 pounds.) Motion is communi- 
cated from the spriugs to the eccentrics by means of arms and levers, 
as shown in the figures. The first figure shows the position of these 
arras and the eccentrics when the cage is suspended by the cable j and 
the second their position when the strain from the cable is released and 
the springs are expanded. The spiral springs arc contained in cylin- 
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drical boxes, oue part sUdiDg over the otlier. One of these boxes and 
the spring are sliowii iii section in the second figure. 




The experience of more than fourteen years with parachtites of this 
type has been most satisfactory. In this construction the springs are 
kept in constant use by being compressed audtheythus relieve the shock 
when the cage is started. 



nraCHAT'S PAEACHUTE. 

A variety of the same type 
as the Blanzy construction, 
designed by Mr. Michat, is 
shown with sufficient clear- 
ness by the appended figure, 
and a description is unneces- 
sary. It is evident that it 
does not difter essentially 
from the parachute just de- 
scribed. 

BRAUHE'S PAEACHUTE. 

Thisis a third variety of the 
same type, but it differs from 
the others by its extreme 
simplicity and the nature of 
the spring. This form orig- 
inated with Mr. Braune, chief 
engineer of the mines of the 




MleliaVs Paiacliiite. 
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Vieille Montague (jompany. A simple tndia-nibber band spring is all 
tliat is used to draw the eeoentries in ni>on the guides. It is said to 
have given fiafciafaction for a period of three 
years or more; but it is doubtful if a spring of 
this natnre can long remaiu active and reliable 
when under constant tension. 

PARACHUTE WITH WEDttES. 

The thii-d type of parachute is known as 
Nyst^R, and la conatructed to- act like a wedge. 
It has arms like a para<!hutie with claws, but 
the latter are replaced by a metallic jaw, in the 
form of a hollow wedge, fitting to- the form of 
the guide, which is made wedge-shaped. When 
the parachute with the cage is sustained by the 
cable, the jaw moves along the guide without 
touching it; but if a rupture occurs, it then 
presses iipon the guide and wedges [poweriuUy, 
so aa to arrest the descent of the cage within a 
BrauBe's Pai-achiite. diatance of only O^.aS or 0".30. The action is 
thus very ]jrompt, but it is so gradual that t-hei'e is no perceptible shook. 
This conatruction does not injure the guides, and it has the a Ivan 
tage over tho parachutes of the aecond type that iron guides n ly b 
used, the reduced size of which is much less cumbersome in shafts thin 
heavy timbers. It, however, requires the guides to he made with g eat 
accuracy, and uniform in size and angle of the wedge, and the d flBcilty 
of obtaining them has prevented this pai'achute from coming i to ^.e 
eral use. 

THE VALUE OF SAFETY- CATCHES IN SAVING lAfE. 

Although the construction of parachutes bus not by any means 
i-eached perfection, there being some difficulties attending their use, 
they have rendered the greatest service in mining operations, repeat- 
edly preventing great losses of life and property; and iio excuse can 
be received for allowing a single mining cage to be without one 
wherever miners are ponnitted to ascend and descend in it. Accidents 
from the unaccountable breaking of the strongest cables are not infre- 
quent ; and when it is well knowu to mining engineers that parachutes 
of the proper construction have repeatedly been the means of saving 
life, it is strange that there should be any hesitation in adoptiug them. 
Even while writing this chapterthe repoi't of a recent accident [January, 
1870) at one of the shafts of the Dowlais Company has been handed to 
me, and a condensed account of it is iuserted as appropi-iate in this con- 
nection : 

A fatal aceident happened at tho Dciep Pit, Vgchi'lihv, the iiroperty of tlie Dowlaia 
Company, on Satnrday afteruooii, iibont 5 o'clock, by which live persons lost their 
lives. It appears five men were ascendiug tlie pit, aud when within 2? yards of 
the top the rope broke and the poor fellows wure precipitated to the bottom, a de;^th 
of 500 yards. The bodies were smaahed to pieces, aiid death must have been in- 
stontaneons. This is the same pit where a eimilnr accident occniTed a month ago, 
wh^n two men lost tlieil lives. It happened in the same manner as the one on 
Saturday, and apparently from the same canse. The Vochrhiw pit is a very large 
colliery, employing about 600 hands. It is 400 yards deep, and is worked by two 
shafts, Nos. 1 and S; the No. 2 being the shaft generally naed for the passage up aad. 
down of men and LoraeB, the other shaft beinj; reserved for minecid alOiie. But, as 
tlicKo Htoiildits show, the rule adopted by the coiiipaiiy has not been kciptby tbeir iiitii 
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The pita are worked by spiral dnim — an invention whioh. hsR called forth on several 
oeoaaions the approval of the covemmant inspector, as they enable the engines to 
raise heavy weights as well as the cage aud rope of a pit 40(1 yards deep wifli ease, 
and witbout any extra power. But then safety depeucla chiefly, we may say, upon the 
angle formed between the rope and the pnUey above the shaft with oertiua. portions of 
the diiim. it onght not to exceed ten or eleven degrees, thoi^h the angle at the time 
of the first oocident was as much ae fifteen degrees, and to that Mr. Wales ascribed the 
accident, aa it prodnced the overlap of coil wliich led to the aooident. On that occa- 
sion the coil overlupped when tlie men were two hundred and fifty yards from tlie bot- 
tom, and the jerk caused by its fiilliag into ito place snapped the rope and precipitated 
the oage to the bottom. On Saturday night the No. 2 nit was busy between 6 and 7 
o'clock in bringing ont the colliers, and there were then at the bottom of tlie Ho. 1 
shaft fonr MtchefH and the overman of the pit. In their anxiety to got ont without 
walking tlirongh the workings to the other shaft, it is conjectured the whole of them 
got into the cage of Ho. 1 shaft, and signaled to the banksman to set the engine in 
motion. The engine started, and tlie cage was' brought to within 27 yards of the hank 
when the fatal overlap of coil again occurred, and the jerk wlich followed snapped 
tlie rope and brought about tUe dreadful catastrophe. 

Here we have the particulars of two fatal accidents froiu the same 
cause, and ia the same mine, within about a month ; and it does not 
appear that any effort was made after the first accident to prevent a 
secoud, nor does it appear that the cage in either case was provided 
with any form of safety-catch. At the inquest after the first accident 
at Dowlais, it was testified by the engineer's foreman that a similar ac- 
cident, but to an empty cage, had previously occurred in the same pit. 
In the Oolliery Guardian of September 16, 1869, there is an account 
of a shocking accident which occurred at the Kirkless colliery, Wigan. 
Themen were leaving the pit early in the afternoon, and while eight of the 
number were being drawn to the surface the wire rope on one side of the 
drum slipped as it was being wound on, the loose coils fell over the flange 
at the end, became entangled in the eccentrics at the side, and, weakened 
by the cliafBng which it had received by being pressed between those 
revolving parts, parted by the sudden jerk given by the cage as it took 
out the slack in descending. The cage, containing eight persons, fell, of 
course, to Uie bottom of the shaft, a distance of 270 yards, and several men 
were instantly dashed to pieces. At the inquest upon the bodies, the gov- 
ernment insi)ector said the drum was rather too conical, and, in his 
opinion, some slight deflection of the pulley had eansed the ro|J6 to 
coil back, and so led to the slip. A drum of that shape reqnired the 
nicest management and care in- keeping the pulleys straight. 

Here is another account, of an aecident iu Pennsylvania, reported in 
the daily paper.n since this chapter was written: 



c, SoHDYLKn-L CoDKTY, Marcli 29, I&IO. 

A terrible aeoident occurred at the coal mine of Richard Heokaher, a few raileti from 
tliia place, at an early hour this inoniing, While fonr nipji were descending the ahafb 
to commence the day's work, the rope broke, precipitating them to the bottom, over 60 
feet. All were instantly killed. 

Tliere appears to he great opposition on the x>art of English miners 
to the iutrodnetion of any form of tlie parachute. In some obsei'vations 
by a " miner," upon the above-described accidents, the following pas- 
sages occur : 

Are any of the safety-caaes, which have from time to time been invented, really 
suitable and efftcieut ; and, if so, why are they not adopted! Now, the fact ia, a really 
suitable aud efficient safiaty-oage laa still to be discovered : all that have yet been 
Tironght forward being objectionable for one reason or another. That many of the 
contrivances are liighly ingenious cannot be questioned, but iu practice they have, 



without exception, beau found wantino; ; either they are too £*a^e, damage tike guides, 
or require such coiitiuiial attention to keep them in order that it is daugerous to place 
reliance npoii tliom ; and it is. generally felt that if reliance be placed upon on appa^ 
ratus of tlie failures of which there is a remote probaljility, it is better to depend upon 
tlie rope iiloiie. 'Die various safety-cages which Ii;ive bcoii proposi:() in-v. nsiidily retera- 
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T))e to two classes, said the great questio 
eatoli — for really tte safety-cJiKe is merelj 

is so aiTaiiced tliat it is IjroiigEt into plaj „ ^ ^ 

pit, the object being to prevent the apparatns becoming wortliless frani disuse. The 
idea is doubtless good, buttlie objection is, that the wear and tear are so great that tlie 
apparatos is worn out and uselees before it is required to avert calamity, the conec- 
quenco being that wlieii the accident 'happens it is £(tal, na visual. In tUo other class 
tiie apparatus is never brought into play until tie accident occvu's, the object beiag to 
avoid the dangers inseparable from the former ; tlie wear and tear arc, of course, pre- 
vented, Irat fteqnently, wlen the accident happens, it ia found tbat tlie whole concern 
has beuome Hxed from dianse. 

Perhaps the only arrangements not open to these objections are those somewhat like 
Ay toiin's and Nyst's, ea«h of which depends for its safety ivpon the mere change of po- 
sition of ft metal fork, or its eqnivalent, no as to become tised against the guide-roda. 
Both of these catches are extremely simple, have no springs, or simUar contnvonoesj to 
get out of order, and would not coat more thnn nfew shilBugB to apply them, It has 
been said that liiBy tnoot the guide-rods to pieces when they are broi^Jit into action, 
but as the damage can only occur when an accident has happened, and a oalaiuity been 
averted, surely fliis shonltl not prevent their adoption. As neither are protected by 
patent, every oollievy proprietor oan have them made by his own smith. It is a very 

n opinion among practical men that the uBo of safety apparatus begets oaro- 

" n tliepart of tliose engaged about the shaft, bnt perhaps the gromid for this 



complaint is more apparent than real, and as the cage is irjthout qnestiou as sate with 
the apparatus as without it, it might be desirable to accept reliance on the catch as 
more tlian equal to the dimmiahea attention of the men. 

Tlie last paragraph of this extract ia a good answer to the general 
drift of the opiuion expressed l)y the British jury tipon the safety-cages 
exhibited ia the International Exhibition of 1862 : " The jtiry gave care- 
ful attention to all the varieties of this apparatus, and were atrongly 
impressed with the merits of several of them, and with the desirableness 
of enlisting m this cause the intere.st of the intelligent ■ mechanician. 
But they share in the repugnance of colliery viewers to trust to the ac- 
tion of a spring' on which most of them depend, and which, of whatever 
, .substance it is made, is sure by degrees to lose its elasticity, and is thus 
liable, unless frequently looted after, to fail at the moment when re- 
quired. They are also a'ware tliat a gi'eat inconvenience, not to say 
danger, has been introduced by all those hitherto employed, in conse- 
quence of the apparatus betiiff brought into play by a plunge during the 
rapid descent of the cage, and that hence several (rf these inventions, 
after being fairly tried for one, two, or three years, have been ultimately 
removed. Kor is it too much to say, although an InsofSeient argument 
if taken alone, that the employment of tJiis apparatus has a tendency 
to make people careless ahout tlie examination and renewal of ropes."* 

In ^'ie'w of the very satisfectory experience with parachutes in the 
large colleries upon the continent, and, above all, tlie tVict that they have 
repeatedly saved many lives, the writer trnst-a tliat their use will not be 
neglected in the mines of the West ; and it is gratifying to know that 
they are now attached to most of the cages in the mines upon the Oom- 
.stock lode. 

It would not be difficult to collect many tiecounts of fatal accidents in 
those mines, which probably could have been avoided if properly con- 
structed parachutes had been used. There is one remarkable case on 
record, showing the usefulness of another precaution, though it provi- 
dentially failed to be another of the terrible warnuigs which call for the 
use of parachutes: A cage in the Hale and Iforcross Mine was preciiii- 
tated to the fifth level, a distance of 230 tfeet, without breaking any bones 
of a mau who was upon it. Tbe entire steel-wire cable fell down the 
shaft and coiled upon tbe roof of the cage. The roof protected the 
miner from being crushed by the cable j and this shows the importance. 

* Kq)(.rts of th.' British j my, Exliihztiou i) I' 1863. 
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of placing a hood mjoa every cage in wbich miners are conveyed. The 
form of such a hood is of some consequence. There is a case on record 
in England of a miner, standing in a drift near the bottom of a shaft, 
being billed by a i>ebbl6 which, falling from the surface upon the dome- 
sliaped roof of the cage, glanced off and struck him. 

Examples are not wanting of the utility of safety attachments to eag^ 
ill mines upon the Oomstock lode. In February, 1869, a steel-'wire cable 
was broken in the Imperial-Empire shaft ; but, owing to the safety at- 
tachment to the cage, no other damage was done. The Mining and Sei- 
entifie Press of San Francisco, in September, 1865, reports that in one 
of the mines (the Sierra Nevada, it was believed) a safety cage, heavily 
laden with ore, had nearly reached the top of the stiaft when the rope 
parted. The safety catch prevented a tree fall, but the load was so 
heavythatthe descent ofthe cage wasnot completely checked, and it went 
to the bottom so slowly tliat not a bolt or timber was broken. Frequent 
experiments made in the Oomstock mines, by cutting the cable above a 
loaded cage suspended in the shaft, have proved the effteiency of the 
parachute. 

SAFETY HOOKS. 

With the modern powerful and rapidly winding engines, the least in- 
attention on the part of the engineer as the cage uears the surface may 
permit it to ascend to the sheaves and produce great destruction. Nu- 
merous and fatal accidents ftom this cause are reported in the mining 
journals. Even while this report is printing, accounte of am accident 
at a colliery near Wigan* show the fearful results of over-winding, and 
the importance of some means of prevention. Various contrivances 
have been proposed and adopted to prevent this over-winding. Safety- 
hooks, which open and leave the cage free to rest upon spring-catchea 
below it, are the most common; but it would seem that the best con- 
trivance of all is the very simple one of placing one arm of a lever, a 
bent bar of iron, in the path of the cage, so that if it passes that point 
the supply of steam to the engine is shut off, and the valve of the 
steam-brake is opened. Thus, by one blow upon this bent lever, the en- 
gine is stopped, the brakes are applied, and the winding of course 
ceases. This has been rendered possible by the addition' of the power- 
ful brakes operated by steam. 

Among the many forms of detaching-hooks which have been pro- 

'JExlraordinaT]! coHiecj oceidejii neoi' Wigam, — Shortly Tiefoie 10 o'clooi on Tuesday nicM 
a sJiocMng ooUiery accident, liy.wliicli one maa was killed ancl foui otieTe reoeived inju- 
ries more or leaa aecioua, ooonrred at Messrs. Blnndell'a No. 1 Siuiing Pit, dtnated in 
the townBhip «f Eemberton, neai Wigan, The shaft has been in couree of construction 
for nearly a couple of yeaiB ; it is of more than the ordinary diameter, and the -work 
has hitherto geogressed. without Berions impediment. The men employed work in eigkt- 
lioui: " Hhifta," and at a qnartec to 10 on Tuesday preparations were made for bringing 
one of these woiking ptuiiaa to hank. Foot men entered the hoppett to ascend, and 
they were drawn to tne surface ; but here the engineer, Thomas Abkers, found he was 
unable to reverse tie engine or to apply the tirake, owing to some derangement af the 
machinery. The consequence was that the hoppett was drawn at great speed over the 
pnlley, and then Uirongh the roof of the engiae-house into the Tinjlding itself which 
was a perfect wreck m a few seconds. Two of the men, feaiing, from the speed at 
which they approaiihed the Burfiice, that they were ahont to lie " puHejed," made a 
desperate leap for life as they reached the bajik, and one of them escaped, compafa- 
tivSy speaking, nniiynred, while the other, feamdly shaken, was feUing into the pit- 
shaft, when lie was saved by the banksman. A third, named Bntlorj kept his place 
until the hoppett arrived at the engine-house, wlien he was flnng a diatance of forty 
yards over the building, aud he, too, escaped with his life; but the fourth was. ir"* •■" 

Mardh 
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posed, there is oTie which is advertised in the English joarnals as ex- 
tensively used in collieries. Its construction will be seen from the figure. 
It consists of two plates, placed face to face, and turning upon a central 
bolt. It forma a part (a link) of the winding cable 
or chain, and is so made that if drawn up through 
a hole in a cross-beam, bushed with a heavy cast 
iron lining, E, B, the expanded wedge-shaped sides, 
H, H, are pressed together, by contact with E, E, 
so as to liberate the bolts of the cable, A and B, 
at D and D, At the same time a square shoulder 
- upon each plat« of the link catches upon the upper 
? edge of the hole, and sustains the weight of the 
5 cage. This is said to be extensively used. A form 
Sof safety-hook used in Nevada is shown upon a 
E; previous page, in the drawing of the cage now in 
5 use upon the Comstock lode. 

"^ The safety-hook by S. Bailey, proposed in 1860, 
consists of a fixed ring between the guides over 
the shaft, through which the cable passes. When 
the cage is di'awn up too far this ring acts upon 
J two projecting arms, which detach the cable, while, 
at same time, hooks are thrown outward over the 
ring, and by these the cage or kibble remains sus- 
Safety Dntneliii^g-liook. pg|2(3ed * 

SIGNAL IMDICATOIiS. 

Carefully made indicators are now attached to winding engines, in 
such a manner that the position of the cage in the shaft is shown to 
the engineer by the movement of an index or pointer along a horizontal 
scale, and as the cage approaches the top a bell is sounde-d once or twice, 
and if it a.scends too far the apparatus shuts off the steam and stops 
the engine. 




CHABTEE XI. 

RAISING WATER. 

It is unnecessary here to do more than mention the very common 
method of raising water from mines of small extent by means of the 
tub and windlass, precisely as ore is raised, or by a barrel fitted with a 
large valve in the bottom, which opens and allows the barrel to fill auto- 
matically when it reaches the sump. This method was in use at the Ama- 
dor mine to a depth of at least eleven hundred feet, the buckets being 
of iron and cylindrica-l, like the tubs for ore, and sliding like them upon 
the guides along the inclined shaft. Guided skips fitted with valves are 
similarly used. 

In Virginia City, Nevada, along the Comstock lode, many of the shafts 
were kept drained by these simple means, and the only apparatus wor- 
thy of further note was the method of delivery of the water into mova- 
ble launders. When the barrel of water reached the surface, a launder, 
running upon rails laid on each side of the shaft, was pushed under 
it. The barrel was then allowed to descend and rest upon cross-bars, 
and, by raising the valve, the water was discharged into the head of 
' "Jour. Miuiug, 1860, irail Euv. Uuivaraclle, Miiy and June, 18G0, p. 511. 
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the launder and con- 
veyed away without 
the necessity of mov- 
ing the barrel otit of 
the line of the shaft 
Cylmdiicalwatflr 
tubs have been used 
to > considerable ex 
tent in the French 
Lollienes They iin 
UNUilly made with a 
L ipicity of 20 herto 
litre'^, equal to five 
hundred ind twen 
t\ eightgalloos,and 
\icigh about 70l> 
kilogrammes The 
« iter enteis b> a 
larg^e vahe at the 
bottom, and is dis- 
(liifged thiough i 
side ontice "With 
this iorm of appa- 
1 itus foi hoisting 
w iter, it IS nei^b 
sii^, in Older to 
i\oid loss of time, 
to provide guidess in 
the shaft, so that the 
tub m ly be drawn up 
md lowered rapid 
1^ It has also been 
found highly advin 
t ig^ous to com 
mcnce discharging 
the watei as soon 
IS the tub leaches 
a sufScient height 
ibove the pit, with 
out bringing it to 
lest An arrange 
ment for this pui 
po%e IS shown by 
the accompanying 
plite, reduced fiom 
I flguie given by 
Buiat m his atlas 
ot ie Motet lel de& 
HomUires In-itead 
of bringing the tub 
of watei to a com 
plete rest upon ^ 
c itches at the top 
ot the shaft, it i& 
kept slowly ascend 
ing, and strikes a 
movable knocker or 
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frame-work, wliieh throws open the discharge valve and lets the water 
escape. The motion may be stopped as soon as the valve is open, 
and as soon as the tnb is emptied it may be lowered withont any loss 
of time. The practical value of this improvement is shown by the 
results obtained with it at the Lucy pits, near Montceau-des-Mines. At 
these shafts, 200 metres in depth, 30 tubs of water, containing 25 hecto- 
litres each, were raised per hour, being a total of 750 hectolitres of 
water; but this being insufficient, the automatic dischEirge apparatus 
was added, and the number of deliveries of tubs of water at the surface 
was easily increased to 50 or 60, discharging from 1,200 to 1,500 becto- 
liti-es per hour. 

The lift and plunger pnmps used in CaJifornia and Kevada are gener- 
ally of small size, and have no special peculiarities. They are generally 
connected with either the engine used for hoisting or with that for ruu- 
uiiig- the mi!i. 

CHINESE I'U3I1'. 

In plac«r miniug the " Chinese pump " is much used for draining the 
pits where the water does not require to be raised to a great distance. 
This is essentially a chain-pump. A continuous belt of canvas 5 or 6 
inches wide fias cleats of wooxl firmly secured to it at intervals, and is 
made to pass continuously through a rectangular box, the lower end of 
which is fitted with a roller over which the belt passes, and is inserted 
in the water to be raised &om the pit. The upper end delivers the 
water into a launder or trough, by which it is conducted away. The belt 
passes over a wheel at the top, and motion is given either by the liand 
or by a belt from a water-wheel near by. 

DEAINAGB BY SIPHONS, 

The siphon has often been brought into use foF draining in mines, 
pits, and quarries, where it was not necessary to raise the water to a 
gi^at height, and where the necessary fall for the delivery end could be 
conveniently had. There has been a notable example of the success- 
ful use of a siphon on a large scale during the iiast year at a deep 
placer claim in Gravel Eange, Tuolumne County, California, where Mr. 
George A. Treadwell employed one a little over 1,000 feet long and 4- 
inches in diameter. This pipe was made of Ho. 2i galvanized icon, in 
joints 30 inches long, riveted and soldered together. The water was 
raised 18 feet, and the discharge end had a fall of 40 feet, so that the 
delivery was 23 feet lower than the j-eceiving end, or shorter leg of the 
siphon. The two ends of the pipe were furnished with large 4-inch brass 
cocks, which were closed when the siphon was to be filled. The filling 
was easily accomplished in about two hours by means of a 3-iach Doug- 
las force-pump, throwing water in at the highest point through a vent' 
cock, through which, also, smaller quantities of water could Iw supplied 
from time to time to displace air that gradually aeciamulated through 
leaks. An air-chamber at tlie bend was projected, but was not made, 
inasmuch as it was found to be but little trouble by shutting the 4-iuch 
cocks at eacli end to fill up the siphon with the pump in a short time 
when the men were at their meals. 

The fiow at both ends was easily controlled by the cocks, the lower 
or delivery cock being usually left fully open, while the receiving cock 
was partly closed. The velocity of the eiirrent was sufadent to carry 
oat tons of coarse sand and gravel, some of the latter as coarse as Eng- 
lish waluats ; and slaiee-boxes set at the nsnal slope were kept half fill- 
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of water. There vras no trouble iu keepmg' the water within 2 inches 
of the receiviug end, auti this was plunged to within 5 inches of the 
bottom of the sh^. 

PTUIPING ENGIPTBS IN THE EUEOPEAN MINES. 
There are. three principal types of ijuinpiug engines for mines : 

1. The single-acting balance-beam engine, known as the Cornish en- 
gine, 

2. The single-acting engine, working the pump-rods direct, without a 
balance beam. 

3. The double-acting engines placed in the interior of mines. 

As explanatory of the construction and working of the first type, I 
insert a veiy clear and interesting description of a Cornish engine of 
the largest class : • 

OORNISH PlTMPINa ENGINE. 

The engine called Taylor's engine was erected in the year 1840, at 
the United Mines in Gwennap^ now included in the Clifford Amalga- 
mated Mines, and is worked with high-pressure steam, with expansion 
and condensation. It is single acting ; that is, the steam is only em- 
ployed for lifting the pump-rods and filling the pump-barrels in the shaft ; 
the return strobe, which drives the water out of the pump-barrels into 
the rising pipes being effected by the fall of the shaft rod, as soon as 
an equilibrium is established in the cyUnder, by opeuing a communica- 
tion between the two faces of the piston. The steam piston moves ver- 
tically in a cylinder formed of two concentric tubes, the inner one form- 
ing the cylinder, and the outer one a protecting case, or jacket ; the 
small annular space between the two is constantly filled with steam at 
the maslmmn pressure produced in the boilers, in order to keep the walls 
of the inner cylinder at a uniform temperature. In practice, it is cus- 
tomary to surround the cylinder with other non-conducting envelopes ; 
thus, a sheUof brickwork inclosing an air space is flrstplaced round the 
jiicket^ which is further inclosed with coatmgs of telt, lagged with -wood. 
These outer envelopes are not shown in the model. The piston-rod is 
attached by Watt's parallel motion to the end of a beam oscillating about 
a horizontal axis, whose bearings ai-e carried on the outer wall of the 
engine-house. The beam is formed of two parallel cast-iron plates 
bolted together, the two plates being kept a fixed distance apart by 
wrought-iron pins. The two anns of the beam are of unequal length; 
the steam piston aud mechanism for workuig the valves are attached to 
the longer arm, which works within the engine-house; the main pump- 
rod and rods of the air and feed-pumps are attached to the shorter 
arm, which worka in the open air; a gBUery projecting from the wall of 
tlie engine-house gives access to the hearings on the out-door side of the 
beam. 

The engine has four valves for the distribution of the steam ; three 
of these are placed near the top of the cylinder, aud the other one is at 
the bottom. One of them is a plain disk valve, with a single conical 
beating face, and is independent of the engine ; the other three are of 
the kind known as the double beat, or Homblower's valve, a construc- 
tion in which the bearing faces opposed to the pressure of the steam are 
reduced to a pair of narrow conical rings, the valve and its seat being 

* This description ia extraetecl fi-ora. BaiiennaD's Descriptive Catalogue of tlie Min- 
ing Models, &c., ia the Muaenm of Prnctiea] Geology,. attached to the Lon.doa Scliool 
of Mines, 



,di„Google 



134 MECHANICAL APPLIANCES OF MINING. 

80 formed as to present a very large steam passage when open. Of the 
three upper valves, that on the right-hand side (as seen when facing 
the cylinder from the outside) is the governor, or regulator valve. It is 
a plain disk valve, which is maintained at a fixed . opening by means of 
the setting screws on the rod attached to the right-hand pillar of the 
valve gear framing. By this valve the steam ia admittedfrom the main 
steam-pipe through the large hollow column on the right into the top 
st«am-chest. The central valve is the admission valve ; it commands 
the passage whereby the steam at fall pressure enters and leaves the 
cylinder above the piston, and is governed by a system of levers 
attached to the uppermost of the three horizontal shafts, whieh are 
attached to the two vertical pillars or standards in front of the valve 
oases. The left-hand upper valve is the equilibrium valve; it is placed 
at ihe top of a hollow column, through which the steam passes from the 
upper to the lower face of the piston, iu order to establish an equality 
of pressure at the end of the steam-stroke ; the movement of this valve 
is effected by the central arbor. The bottom, or exhaust, valve, which 
controls the passage of the exhaust steam from the cylinder to the con- 
denser, is attached to the lower hoiizontal arbor. 

The valves are opened by falling weights, and closed by the action of 
tappets on the plug-rod, acting on curved handles projecting ft-om the 
front of the horizontal shafts. The sector-shaped cams and catch levers 
outside the bearings of the horizontal arbors keep the valves locked in 
position during the repose of the engine. 

The engine is intermittent in its action, a pause being made after the 
descent of the main rod in the shaft, varying in duration according to 
the amount of water to be lifted ; this is effected by a simple hydrauhc 
regulator, known as the cataract. The cataract, which is placed in the 
well below the floor of the engine-house, is a square wooden plunger box, 
opeu above and closed at the bottom, with the exception of a small con- 
ical hole, which can be stopped by a plug attached to a vertical rod ; 
the plunger moves in a square cistern of water, a little larger than it- 
self, and is attached to a vertical rod passing through a collar project- 
ing from the right-haud frame pillar ; it is further attached by a chain 
rolling on a sector-head to a double-armed lever, which oscillates about 
a horizontal axis ; the shorter arm of this lever is pressed down by a 
roller at the lower end of the plug-rod, daring the upstroke of the en- 
gine, a balance weight being fixed to the end of the opposite arm, which 
raises the shorter arm when the pressure of the rod is taken off. The 
action of the cataract is as tbUows: When the in-door side of the beam 
makes its down stroke, during the lifting of the main rod in the shaft, 
the cataract plunger is driven down in its cistern, displacing the water 
in i)ottom of the latter, which consequentay rises above the open top of 
the plunger box and fills it up ; this water afterward flows out through 
the small hole in the bottom of the box with more or less rapidity, ac- 
cording to the position of the conical plug ; and during this time the 
valves are closed and locked by their catches, the steam piston is at the 
top of its stroke with a slightly compressed cushion of steam above it, 
aud the expanded steam of the preceding stroke below it. As soon as 
sufficient water has flowed out of the cataract plunger to establish the 
preponderance of the balance weight on the longer horizontal ann of the 
lever, the box rises, and the rod attached to it opens the exhaust valve 
by striking against the catch lever and releasing the balance weight. 
The steam below the piston flows away to the condenser, and a vacuum 
is formed in the cylinder. JJhe catch on the steam valve is formed by 
the vortical arm of an angle lever, whose horizontal arm is parallel to 
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the exhaust- valve catch, and is conneetetl to it by a parallel bai' with a 
slotted Unk at the top, which works on a pin at the end of the horizoii- 
tal arm of the upper catch. 

When the bottom of the link strikes the pin, the steam valve is opened 
in a similar manner to that already described tor the exhaust valve. 
The piston descends under the full pressure of the steam in the cylinder 
until the link frame at the back of the plug-rod closes the vfJve, by 
pressing against the handle which projects from the top arbor, the sec- 
tor on the arbor, in turning, gradually lifting the catch lever, which f^Ils 
into its place as soon as the end of the cam has passed the notch. The 
steam is now cut off, and the remainder of the stroke is effected by the 
expansion of the steam already in the cylinder. The lengfli of the full 
steam stroke is determined by the position of the link frame on the plug- . 
rod; the proportion of expansion is diminished or increased by raising 
or loweriug the link by the setting sci-ew on the front of the rod. 

The exhaust valve is closed by the plug on the right-hand side of the 
rod.shortly after the closing of the steam valve. The eqnilibrinm valve 
is opened at the end of the stroke by its balance weight ; tliis estab- 
lishes a communication between the upper and lower faces of the piston, 
etjualizing the pressure on both sides, when the piston is drawn up in 
the cylinder by- the excess weight on the outer side of the beam. The 
equilibrium valve is closed by the left-hand plug during the rise of the 
rod. This confines a small quantity of steam above the piston, which 
forms a cushion by compression, and brings the moving mass to a state 
of rest. 

The condenser and air pump are connected ■with the ont-door side of 
the beam. The latter is surmounted hy an open hot well of large ca- 
pacity. The feed pump draws its supply directly fromjthe hot weU, and 
forces the water through a double TJ tube, passing foiu- times through 
the exhaust pipe, where it is heated by the waste steam on its passage 
.from the cylinder to the condenser. The feed water is further heated 
by circulation through a system of horizontal pipes in a flue at the back 
of the boilers. The steam from the six boilers is collected in a cylindri- 
cal steam chest, with hemispherical ends, cast in two pieces, which are 
united by a wronght-iron expansion joint. The main steam-pipe passes 
from the chest under the floor of the engine-house, and terminates in 
the right-hand vertical column, at the top of which the governor valve 
is placed. The main rod which works the pumps in the shaft is formed 
of two square balks of timber placed side by side, and united by wrought- 
iron fish plates and bolts. The excess weight of the rod above that 
necessary to drive the water out of the pump barrels is balanced off by 
five balance bobs, of which three are placed under ground and two are 
at the surface. The latter are cast-iron beams, constructed in a similar 
manner to the beam of the engine, one end being connected by a wooden 
rod with tlie main rod on the shaft; the other carries a wooden box, 
which is loaded with masses of rock, acting as a counterbalance. 
Catch pieces, or stojis, are fixed to either side of the beam to prevent it 
going beyond its proper distance in case of breakage on either side. 
The in-door catch is formed by an iron cross-piece fixed above the beam 
which is received on a pair of spring beams carried on horizontal balks 
crossing the upper part of the engine-house. The out-door catch is 
formed by two pieces of timber strapped on to the fr-ont of the main 
rod. The lower ends of these beamsj which are of the same size as the 
main rod, are caught by a mass of timber formed of horizontal balks 
piled one above another in the shaft. This bed of timber is not shown 
in the model. 
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The large capstan and shear frame over the shaft lead the rope Ijy 
■whieL the pump barrels, &c.; are lowered in the shaft. It is worked by 
manual power. 

The following are the dimensions of the more important parts of the 
engine : 

Diameter of steam cylioder 85 inches. 

Length, of stroke of piston 133 inches. 

Diameterof regulator valve ,. 10.8 inches. 

Diameter of admission valve 15.0 indies. 

Diameter of eqnilibritira valve 18,5 inches. 

Diameter of exhauetvalve 25.U inches. 

Diameter of main steam pipe IS.O inches. 

Diameter of exhaust pipe 24.0 inches. 

Diameter of condenser 30,0 inches. 

Diameter of air-pump piston 37.0 inches. 

Diameter of air-pump valve 30.0 inches. 

Diameter of hot well 65,5 inches. 

Diameter of feed pump 6.0 inches. 

Length of main beam 34 feet 2J inches- 
Height of main beam at centre 7 feet l| inches. 

Length of beam, steam side 17 feet 10| niches. 

Length of beam, out-door side 16 feet 4 inches. 

Length from centre of beam to point of attachment 

of air-pnmp rod 9 feet 7J inches. 

Length of feed-pump rod C feet 8 inches. 

Length of stroke of main rod 10 tfeet. 

c,„ ,. +!„*■„■ 1 ( breadth 24 inches. 

Section stroke ot raainrod j ^^^^^j^ ^^ i^^^j^^^^ 

Diameter of piston rod 7 J inches. 

Diameter air-pump rod 3| inches. 

Diameter of feed-pump rod , 2J inches.' 

Diameter of axis of main beam 20 inches. 

Diameter of jom-nals 16 inches. 

Boilei-s : 
. 4 of 30 feet length, 6 feet diameter of outer shell. 

3 feet 4 inches diameter of inner tube, 
2 of 34 feet length, 5 feet 10 inches exteiuial diameter. 
Steam chest, 30 inches diameter. 
Feed-pipe, 5^ inclies diameter. 

The engine was started in December, 1840 ; its poj-formance was con- 
tinnonsly reported in " Lean's Engine Eeporter " up to the end of 1851. 
The most economical condition of working was reported in September, 
1842. The mine was then 201.2 fathoms deep ; the load on the piston 
amounted to 75,362 pounds, or 12.05 pounds per square inch of surface. 
The engine, making five strokes per minute, developed a quantity of 
work equal to 114.2 horse-power. The quantity of fuel consumed 
showed an effect of 107,494,580 foot pounds per bushel of coal of 94 
pounds, equal to 1.74 pounds per horse-power per honr. 

The last return, in December, 1851, shows a duty of 62,000,000 of 
foot pounds per bushel, or 2,9 ponnds per horse-power per horn-. The 
deirth had increased to 239 fathoms f the load per square inch to 15.8 
pounds, giving a duty of 165 horse-power, at a speed of 5.5 strokes per 
minute. The gi'eatest working speed attained appears to have been in 
December, 1849, when the engine made 7.6 strokes per minute, showing 
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331 horse-power, mth a consumption of 2.4 pounds per horse-power 
per hour. The method by which the above duties is computed con- 
sists in comparing the amount of coal burned with the theoretical vol- 
ume of water discharged by the pumps during the period of obser\-a- 
tiou. The actual volume is, however, somewhat smaller, the discharge 
of the best mining pumps being from 2^ to 2J per cent, less than the 
theoretical amount for each lift. 

DIRECT-ACTING PUMPING ENGINES. 

The models earliest imported from England, or constructed in li'rance 
or Belgium, were all of the first type; but they were gi'aduaUy re- 
l>laced by those of the second, or the direct-acting engines, so that the 
use of the beam engine became exceptional. The two types, though so 
different in form, do not difSer much in the details of construction. 
Tliey are both single-acting and are provided with the same kind of 
apparatus for the distribution of the steam; and the Hornblower valves, 
used in both, are controlled by one or two cataracts. 

In some cases, where there is very httle space in which to place art 
engine, they are made without the condenser, and the cylinder is placed 
over the shaft, the piston-rod being connected directly with the pump- 
rod. This is the simplest and least costly form of pumping engine to 
erect, but the expenses of working with it are of course much greater 
thau with condensing engines. Instead of the consumption of one and 
a half kilogramme of coal per horse-power per hour, as in the Cornish 
eng'lne, the high-pressure engines consume foui' to five kilogrammes. 
For this reason condensing engines of the Cornish type are generally 
used, and of these the direct acting form has been generally i)refeiTed, 
but with the addition of iJie beam, for the purpose of counterbalaneing 
the rods and for working the condenser. 

Burat, in bis Mattel des MouiU^es, sums up the relative advantages 
of the two types of construction, the balance-beam engines and the di- 
rect-acting engines, substantially as follows: The balance-beam en- 
gines are especially adapted to pumping where gi-eat diameters of 
cyhnder are requk'ed, because they do not obstruct the mouth of 
the shaft ; because their foundations, being at some distance beyond 
the sides of the shaft, are much firmer and more secure ; and because 
the different parts of the apparatus are more accessible ^r cleansing 
and repairing. 

The direct-acting machines are the best, when the cylinders do not 
exceed l". 50 in diameter and the pumps, 0"". 45. Their installation is 
more simple ; they occupy less space, and can, in most cases, be placed 
over one compartment of a shaft used for hoisting, and without a 
special building; and the conditions throughout are much more simple 
than can be secured with the other type. 

A failure to obtain as great an economy of steam in many of the 
French and Belgian engines as is claimed for the Cornish engines 
has led their engineers to think that the statements of the perform- 
ance of the latter are exaggerated. In reality the average consumption 
in Cornwall is I'^'.SO of good coal per hour per horse-power. It 
is but rarely that the consumption has been reduced to one kilo- 
gramme, when every part of the apparatus is in the most favorable 
c^nditon, depending upon the depth a.nd diameter of the column, the 
size of the rods, and the proper relation of the force to the work to 
be done. 
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Bl iliLig Lilting Pump 



BLEIBBRG LIFTING PUiHP. 

Thf annexed flgnre reduced by 
the pilot o-relief process fl-oiii Plate 
LXII of the Atlas of Buraf s Ma- 
t^iieldes HouiU^res, gives a sec- 
tional \ lew of the pnmp barrel and 
the two vales of a lifting pump at 
Bleiberg It is one metre in di- 
ametei, and is made for a height 
of column of 32 metres. The pis- 
ton can carry a charge of 17.000 
kilognmmes. The valve cham- 
ber B B 18 provided with a man- 
hole B, securely closed by a cast 
plate held in position by a bolt 
and nut gg, passing through the 
cross bar //. The barrel of the 
pump 11 lined with bronze. It is 
S^ 45 high, and the piston lias a 
stioke of 2".S5. The pisbm is 
pieicedmth eighttriangularopen- 
lugs The packing consists of a 
ciicle leather firmly secured to 
the pistou by a ring of iron _;, The 
lower valve is one of Homblo wer's 
construction. 

FXPEEIMBNTS AT BLBEBBEG. 
In the year 1850 a commission 
was formed to investigate the 
peiformance of the pumping ma- 
chinery at the mines of lead and 
zinc at Bleiberg in Belgium. En- 
gines of great power had just 
been erected, and the engineers 
of the establishments of Seriang 
had exerted themselves to pro- 
duce the most perfect specimens, 
with ill the latest improvements 
of the best Cornish engines. 

The steam-cylinder of the en- 
gine at Bleiberg was 2'°.67 in 
'diiraeter, (surface, 5™*.5990 ;) the 
mean stroke ™3.65 ; the relation of 
the armis of the beam 6.4:5; the 
stioke of the pnmp-rods 2™.85. , 
The bteam being at a pressure of 
^.90 atmospheres in the boilers, 
le initial pressure in the cylin- 
iTS was 2.42 atmospheres. The 
earn was cut off at 0™,70 of the 
t'oke, and the remainder of the 
ovemeut was performed by the 
pansion and the condense, so 
I at at the end of the stroke the 
steam occupied a space equal to 
five times its primitive volume. 
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The cominisaioii continued the observations from the 9th to the X5th 
of January, and reported them in detail.* The engine having worked 
during 127 hours 15 minutes, gave 50,043 pulsations, and 43,118 kilo- 
grammes of coal were consumed. This coal was the stone-coal of 
Seriang, troken to the size used in Cornwall. The stroke of the pumps 
was maintained uniformly at 2'".85, and the efFective height of the 
column of water at 71 "",50, The result of these figures was that the 
machine gave a mean useful effect of 234 horse-power, and the con- 
sumption of eoa! i>er horse-power per hour was an average of 1'^'.448. 
Bnrat finds the relation of the force exerted to the effect produced to 
be as 377 : 234=1 : 0.621 ; and observes that this remarkable economy of 
fad in a work which is far from being advantageous to the motor, since 
at each stroke it must overcome the inertia of an enormous mass, re- 
snlia from a series of favorable conditions in which the machines are 
established and work. These favorable conditions may be siunmed up 
as follows: 1. Generation of steam in boilers with large heating sur- 
faces; good coal and good raking. 2. A steam chest of great capacity, 
and pipes and openings of large diameter for the admission and emis- 
sion of steam. 3. Condensation as pertfect as possible. 4. Expansion 
developed as much as possible, favored by the conditions of single 
action and the inequality of speed of the piston, which are coincident 
with th.e best conditions of movement for a colmnn of water. 

PUMPING ENGINE AT GEAND HOENU. 

The great pumping engine of Grand Hornu was constructed at the 
works of Seriang, for a shaft 460 metres deep. It works a series of 
eight plunger-pumps and two lifting-pumps of 0™.50 in diameter, and 
four metres stroke. These pumps are placed one above the other, at 
distances varying from 30 to 60 metres. The upi>er plunger-pump, 60 
metres from the surface, is worked by a double rod, each arm ha\ing a 
square section of 0™.484 x 0™.342, and being formed by the juxtaposi- 
tion of two pieces of *.242. These rods are completely envdoped in 
iron Oni.024 thiclr. The double rods gradually diminish in size toward 
the bottom of the shaft, but in each section the weight exceeds that of 
. the column of water to be thrown out. The total weight to be counter- 
poised is 200,000 kilogrammes; and this is effected by two balance 
beams mounted upon opposite sides of the master-rod, directly below 
the engine. 

The engine is direct-acting, the cylinder being mounted directly over 
the shaft. It has three floors or stages: 1. The cylinder; 2. The con- 
densers, with their air-pumps; 3. The balance beams. The cylinder is 
jacketed to prevent condensation. It is 0™.05 thick and is made in two 
pieces, each 1".60 high. There are three valves: the admission valve, 
0™.42 in diameter and rising O^-OO ; the equiUbrlnm valve, O^-Sl in di- 
ameter and rising 0™.08 ; the exhaustion valve, 0".6O in diameter and 
rising ©".SS. The condensers have a diameter of 1".30, and are 2'°.50 
high. The air-pumps are 0™.95 in diameter, and have a stroke of 2™.10, 
The balance beams are 11™.40 long, and each carries 90,000 kUo- 
grainmes of counter-weights, formed of plates of cast iron. 

QUILLACQ'S PUMPING ENGINE. 

At the Paris Exposition of 1867, M. QniUacq, who has already been 

mentioned as the constructing engineer of hoisting machines, exhibited 

the drawings of a very perfect specimen of pumping engine recently 

* Proees-Verbaux <le la Commission contradiotoire. 
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erected by Mm at the mines of Pienues, in tlie Bonlonnais, France, This 
was a single, direct-action engine, withont the beam, as in the Cornish 
type. The cylinder is provided with ajacket of cast iron, inclosing a space 
in which steam ciretilates. The distribution is made by three valves of 
admission, eqailibrium, and exhaustion, controlled by a double-acting: 
, cat-aract, which determines the time of rest at each extremity of the 
stroke. The cylinder, 2™.65 in diameter, is 4™ long, and supported by 
two wrought-irou gij-ders 1™.35 high, placed in the walls of the building. 

The steam is admitted in the cyhnder under a pressure of 3.75 atmo- 
spheres, and is cut off at half-stroke. 

The condenser has two air-pumps of O^.OO diameter, and 3™ stroke. 
The water is injected through two valves, one of which opens at the 
same time with the introduction of the steam, and the other at the same 
time with the escape- valve, so that at the beginning of the stroke the 
t«'o valves are open, while at the end one of them is closed, 

This machine is designed to raise water from a depth of 400 meti'es, 
by means of six phmger -pumps, and a lift-pump at the bottom. The 
diameter of the pumps is O^.OO and the stroke 4™.00, The principal rod 
which transmits the movement to the pumps is of iron and weighs 
200,000 kilogrammes. The following are the weights of some of the 
principal parts of the engine in kilogrammes: 

Steam-cylinder 40,000 

Iron gu'ders 12,001) 

Piston-rod 4,001) 

Cross-head 1,600 

Two equilibrium balances 40,000 

The total weight of the engine and fixtures, withont the counterpoise, 
is 175,000 kilogrammes. 

The other elements are — 

Six plunger-pnmiDS 70,000 

One lift-pump 7,500 

Main rod 200,000 

Counterpoise attached to the rod 75,000 

Counterpoise attached to counterbalances 140,000 

The total weight of the masses put iu motion, including the piston 
and the beams, is 465,000 kilogrammes. 

DOUBLE-ACTING PUMPING- ENGINES — STEAM PUMPS. 

. The double-acting pumping engines placed in the interior of mines 
have been applied at depths of 100 to 150 metres, and for quantities of 
water reaching 10,000 hectolitres a day. The Blanzy coal companies 
have applied this system in their mines. They have erected a 300 horse- 
power engine at a depth of 340 metres, to throw 25,000 hectolitres of 
water to the surface daily, The drawings of this engine were exhibited 
at Paris, in 1867, The apparatus consists of two horizontal steam-cyl- 
inders, working four horizontal plunger-pumps, which force tlie water 
into an air-chamber with which the delivery column, 300 metreshigh, is 
connected. The apparatus is placed 40 metres above the bottom of the 
mine, and the water is lifted to that point by four lift-pumps, so that in 
case of accident or stoppage the pumps will not be covered with water. 
There are many different forms of the double-acting steam pumps in 
the United States, and some of them have been successfully used in 
mines upon the Pacific slope. It is not possible here to describe all of 
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the varieties offered to the public, and to discuss tlieir relative merits. 
To single out one or two for deaeriptioii would not be just to tlie many 
inventors who have carried these pumps to great perfection, 

PUMPING AT THE SAXON COLLIEEIES. 

The following is cited from tlie notes of Mr. W. Fairley, as an example 
of pumping at the Saxon coOieries; 

The Pumping Engine Company at Zwickau, wliieh drains the water from the Bockwa 
Manor, is wortliy of notice. This manor is about ISO aoker, or abont 190 English acrea 
area, and the company pumps the water for the different coal compaiiios for the pay- 
ment of a tfts of 2i groaohen per 10 centner, or 6d. per ton English, of coal worked. 
The water does not exceed altogether more than aOO onbio feet jier niiimte, ajid for 
lifting this they have two engines, one 84 inches (Sason) diameter, 11 feet in the cyl- 
inder, and. 9 feet stroke in the pump, working seven strokes per mmnte an the max- 
imum. The pmups are two 23 inches diameter, forcing 250 Jeet long each, and one ^3 
inches diameter, lifting 100 feet long; the other engme is direct-acting, 68 inches 
(Sasou) diameter, witli 10-feet stroke, working » ITJ-inoh set. For supplying these 
engines with steam, there are seven egg-ended boilers, each 7 feet diameter and 40 feet 
long. 

■WATEB-PRBSSUEE ENGINES FOR MIKES. 

In mountainous regions, wliere water under a considerable head or 
pressure can be had, it raaj' be advantageously utilized for pumping, 
hoisting, or other mining operations requiring power, by means of hy- 
draulic engines and surface or underground wheels. There are many 
places on the Pacific coast where such engines can be introduced with ad- 
vantage. They are usually constructed for pumping only, and are single- 
acting, with long cylinders placed vertically over the pump shaft, the 
pump-rod being simply a prolongation of the piston-rod. The water is 
admitted to the under side of the piston, and when it has nrn its upward 
strote the water is allowed to flow out and the piston descends. 

The absence of any sensible elasticity in water renders the motions 
resulting from its use under pressure in engines susceptible of pei-fect 
control ; but the same inelasticity causes sudden shoclis and blows to tlie 
moving' parts if the inlets and outlets are made as in engines operated 
by the elastic fluida, steam or air. It is therefore necessary to use 
valves of peculiar eonstnietion, by which the flow of the water may be 
gradually increased or slackened, and to provide other means for pre- 
venting impact and securing smoothness of action. 

Many such engines have been conatnicted for pumpuig mines abroad, 
and have operated successfully for long i)eri6ds with very little expense 
or attention. One was erected by the engineer Trevithick at the Alport 
mines, in the year 1803, and worked continuously for forty-seven years, 
until 1850, when work upon the mines ceased. In this engine the wa- 
ter was admitted first npon one face of the piston and then upon the 
other, alternately, and the inlets and outlets were opened and closed by 
two pistons at the aide. 

An engine erected by Mr, Darlington at these mines had a cylinder 
50 inches in diameter and a stroke of 10 feet. The cylinder was placed 
directly over the shaft and the piston and pump-rod were continuous. 
The column of water was 132 teet high and gave a pressure upon the 
piston of about 58 pounds to the square inch, or more than fifty tons 
upon its area. Water was raised fi.'om a depth of 22 fathoms bymeaus 
of a plunger 42 inches in diameter, and when the mine was very wet, 
nearly 5,000 gallons of water per minute were discharged into the adit. 
The water under pressure was admitted under the piston only ; cylindrical 
valves admitted a full fiow for seven-eighths of the stroke only, and then 
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couimencetl closing, while a small valve opened and allowed enough 
water to pass in to complete the stroke. 

The largest engine erected by Mr. Darlington was similar in its gen- 
eral consteuction to that just descrihed. It had a cylinder 35 inches in 
diameter ; stroke 10 feet ; pressure column 227 feet high. Its average 
speed was 80 feet per minute, and its greatest speed 140 feet per min- 
ute. The pressure of the water was 98 pounds per equai'e inch, giv- 
ing a total weight of 40 tons upon the piston. This engine was auto- 
matic, the motion was certain and regular, and the cost of maintenance 
was trifling. 

Sir Willxara Armstrong has made use of water pressure obtained 
from natural falls to produce rotary motion by means of a pair of cyl- 
inders and pistons, with slide valves, in some degree resembling those 
of high-pressure steam-engines, but provided also with relief valves. 
Water-pressure engines of this description were erected at the lead 
mines at Allenheads, in Northumberland, and are used for the various 
operations of crushing the ores, hoisting, pumping, and driving the 
machineiy of the concentrating works. Small streams of water which 
flowed down the slopes of adjoining hills were conducted into reser\-oirs 
at elevations of about 200 feet, and from thence by i>ipes to the engines. 

In a mining district upon the river Allen, in England, where the fall 
of the water is not sufficient to work water -pressure engines, overshot 
wheels have been used to force water into accumulators, from which it 
could be conveyed in pipes to the required points. ' 
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Underground water-wheels are used in various parts of Germany, 
■when the circumstances permit. Where a system of mines is drained 
through a deep adit, the water can be transferred from one mine to an- 
other, and its fall utilized by such wheels, until it finally reaches the 
level of the adit by which it escapes. Instances of this may be observed 
in the district of Freiberg, Saxony. 
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WATBE-WORKS AT WHITE PINE. 

There is a very interesting exhibition of hydraulic engineering at the 
"VVliite Pine mines, due to the skill and enterprise of the distinguished 
engineer A, Von Schmidt. "Water is thei-e pumped aheightof 900 feet 
in round numhers, in two lifts of 450 feet each. There are four large 
steam engines, two at each station, and each engine of 177 horse-power. 
The cylinders are 32 inches in diameter and they have a stroke of five 
feet. They can he worked together or independently. The water is 
forced through 12-inch pipes of boiler iron, and the capacity of the 
worlis is reported as 3,500,000 gallons daily. 



CHAPTEE XII. 

RAISING AND LOWERING MINERS. 

The ascent and descent of miners in the mines of the West, when of 
depths not exceeding 200 feet, is' usually by ladders in one compartment 
of the hoisting shaft; hut in all guided shafts where cages are used it 
is customary to descend and ascend in these cages. This is not only 
dangerous, but it interferes with the work of hoisting ore ; and in all 
deep mines, especially in vertical shafts, it becomes important to provide 
some other safe and rapid means of hoisting and lowering the men. 

This necessity has been met abroad, and in some of our mines upon 
Lake Superior, by the introduction of the man-engine, known in Ger- 
many as the Fahrkumt and in Trance as echelles moMl^s, They are all 
alike in principle, and consist essentially of two strong beams or rods 
liuHg side by side in the shaft of a mine. Bach beam has plattbrms or 
landings large enough for a man to stand upon placed at equal distances 
from the top to the bottom. Handles to be grasped by the hands of the 
men are attached at a convenient height above each platform. 

They are not a modem inventiouj having been known in Germany 
during the last century; but they did not become generally used, and 
were almoet forgotteuj until about forty years ago. Since then they 
have been use<l extensively in Germany, Belgium, and Cornwall. 

In the year 1833, when the deep George adit was opened in the mines 
of the Harz, two water-wheels were thrown out of work, and the idea 
was suggested of using the pump-rods attached to them for the ascent 
and descent of the miners. The experiment was tried. The rods were 
strengthened, stages or platforms were attached at suitable distances, 
and a regular alternate up-and-down motion was given to them by 
mcians of the wheels. It was a gteat success ; the miners were relieved 
&om most of the arduous labor of cliiiibiug, and even invalids, who 
before could not reach the lower parts of the mine, were enabled to 
resume their work. 

The principle of the man-engine will be made more clear by reference 
to the annexed diagram. K B and E' E' represent portions of two 
heavy rods or beams, extending from the top to the bottom of a shaft, 
and suitably guided and supported throughout their length. To these 
rods, and at equal distances, small stages or platforms, ABC, and A' 
B' C', are securely fixed. 

An alternate upward and downward movement is given to each of 
these rods ; while the rod E, with its stages, is ascending, the opposite 
rod E' is descending. This movement brings the platform A on the rod 
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E opposite to tlie platform W on rod H', and the platform B oppo- 
site the pliitform 0'. The motion is then arrested for a moraent, and is 
immediately afterward reversed, and the platforms return to 
p their origioal position. If miners are standing upon the 
^ platforms of E, they will all be raised by the upward move- 
ment a distance equal to half the distance between the plat- 
, forms. At this point, tlie motion ceasing, the miners step 
from tlie platforms of the rod E to those upon the rod E', and 
by the next movement are again lifted, when they step across 
as before, aud so on until the top of the shaft is reached. 
The descent is similarly accomplished. 
In some mines only one of the rods moves, and the other 
- remains stationaiy, or rather the second rod is omitted, aud 
stages are fixed to the side of the shaft in the rock itself; in 
such cases the single rod has to move the whole distance be- 
tween two stages instead of lialf that distance, as when two 
rods are used. 

When a single rod is used in connection with fixed stages, 
the miners pass alternately from the stage on the rod to the 
stage fixed in the rock. They then wait until the half-stroke 
brings a fresh stage opposite to them, on which they place 
themselves, and so ou. 

The distance between two stag-es on the sam e rod generally 
raries from i™.50 to Sn'.OO. The stroke of the apparatus witli 
two movable rods is always half the distance between the 
stages, consequently it varies from 2".25 to 4™ .00. There 
are from four to eight double strokes per minnte. 

The single-rod man-engine is the one most used in Corn- 
wall. It makes three strokes of 12 feet each per minute. 
■ The rods are generally about seven or eight inches square, 
decreasing in size toward the bottom. The weight is counter- 
balanced by levers or by balauce-boba, attached at different 
levds. 

Motion is imparted to the rods of the man-engine by 
means of water-wheels with cranks, steam-engines witli 
^"^ crank-motion, or direct-acting steam-engines, the two rods 
1 being connected by baiance-beams in such a way that their 
motion, though inverse, is equal and simultaneous. M. 
"Warocqu6 substituted for the cumbrous balance-beams a colnmn of 
water, contained between the pistons of two cyhnders side by side, and 
connecting &eely below the pistons, and made other improvements so 
important that the ecMUes mob-iles are described iu some publications as 



r-' 



The crank motion is particularly well suited to the movement of the 
man-engine, inasmuch as the velocity of the movement decreases grad- 
ually at the beginning and end, and becomes almost nothing as the, 
craiik passes the centre, thus giving time for the miner to step from one 
beam to the other, or from the beam to the stage fixed to the side of 
the shaft. 

When direct-acting engines are used, there is a stoppage after each 
stroke to give the miners time to pass from one stand to the other. 
This stop varies from two to eight seconds, which is ample, as the pas- 
sage from one stand to the other does not take more than one second. 
This would be a very good system if the stop werealways rigorouslythe 
same. Ent all who have worked the machine with direct single action 
aud cataract know that it is impossible to obtain this regularity. The 
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irregularity may Indeed cause accidents. The miner, relying on the nor 
mal time of tlie' steppage, may be surprised In the midst of the move- 
ment he is uialiiDg, and as the single-action engine starts suddenly, 
and very quickly acquires a great velocity, he may have one leg roughly 
taken up while the other remains on the stage which rapidly goes down. 
When, the man-engines receive their reciprocal motion from a crank 
on a revolving shaft, there is, so to speak, no stoppage. The stages 
which approach each other are hardly on the same level when they sep- 
arat* again; hut by taking care to have tlie raachinea provided with 
regulators and heavy fly-wheels, the movement is regular, and there is 
no change to surprise the miner at the moment of his passage ftom one 
stage to the other. 

It must not be forgotten that the movement of the machine being 
uniform, that of tlie connecting-rod which commands the man-engine is 
variable. It is very slow at the commencement of its stroke, is acceler- 
ated at the middle of the stroke, and becomes slow at the end. The 
miner, thanks to the regularity of the movement and the slowness of 
speed, when the stages approach the same level and separate from each 
other, can begin his passage from one rod to the other a little before the 
stroke, and continue it a little after. 

Experience proves that this second method ia the safest. Thepersons 
who go down for the first time on these machines do not experience any 
disagreeable sensation. It is not so with the single-acting machines ; 
when, after the stoppage, the stage lifts or lowers a person suddenly 
who is not accustomed to them, he experiences a disagreeable sensation, 
(a sinking at the stomach,) which is increased by the sudden stop at the 
end of the stroke. This feeling is similar to that experienced when one 
is lowered or "droxiped" suddenly in a cage; and, with some persons, 
produces sickness and fainting. In the Saxon mines, at Freiberg, the 
movement is given by water-wheels and cranks ; and there is nothing 
about it unpleasant or awkward to any one accustomed to life under- 
ground. The wi'iter, after watching the movement of the rods for a 
few moments in one of the shafts, stepped upon and used them without 
difficulty. There is always this advantage to one nnaccustomed to them, 
that if, from any cause, the step from one stage to the other is not taken 
in time, it is perfectly safe to remain upon the rod and be lowered and 
hoisted again. 

Man-engines worked by direct-acting engines, in order to raise the 
same number of men in a given time, must move morerapidly than when 
the motion is communicated by a crank. 

Let us suppose two inan-engines, worked by these different engines, 
. having a stroke of 3">,00 and making 6 double strokes per minute. The 
speed per minute is equal to 3™ >; 12 strokes single ^ 36™. Therefore, 
while the crank machine will take CO seconds to go over these aCm.oo, or 
a mean velocity of 0™.60, the single-acting engine will take 60 seconds 
diminished by 12 stoppages, which are generally of 2^ seconds ^30 sec- 
onds ; its speed must then be double — 1"'.20. The diagrams annexed 
clearly indicate tlie diflerence tliat exists between the working of these 
two methods. 

In these curves the abscisses represent the number of seconds from 
the beginuirig of an oscillation, and the ordinates the corresponding 
spaces passed over by a stage, 

The machine with single action predominates in Belgium, white the 
crank machine is more used in (iernmny and England. The single-act- 
ing machines are generally placed directly over the whaft. 
These engines are compo'icd of two •iteamc\lindeis Jonicd together; 
10 m 
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the piston-rods are attached directly to the man-engine. The steam acts 
directly and alternately uuderaeath or above one or the other of the 
pistons. 




Workiiip; tiirvo of the stiigo of ii Mau-ciigi 



Working oi 



itoppage. > < DeBCOHding. > < Stopimj;' 
f the stage of a Sbigle-aotiiig engine. 



But tbei-e is aa iraportaut condition to he observed, which compli- 
cates this arrangement a little. The platforms of the mau-engines must 
have exactly the same velocity, and the etrotes must terminate at ex- 
actly the same moment, so that both sets of platforms will be connected. 
This problem has been solved in two principal ways. 

One method, designed by M. Hanrez, is to connect the rods by a pin- 
ion, as shown in the annexed figure,* 

A strong rack is placed on each rod^ and these work into opposite 
sides of the same pinion, steadied by an inteimediate guide-rod, Uni- 
formity of motion has thus been secured, for it is evident that when one 
rod descends the other mast move simultaneously and equally. Every 
precautioahas.been taken bythe constructor to prevent breakage. The 
teeth of the pinion and the racks are strong and carefully cut ; and 
very few accidents have occurred. 

The other method consists in extending the piston-rods through the 
upper cover of the cylinders, so that these two rods may be connected . 
by a chain working over a pulley. They then necessarily move simul- 
taneously. As a pulley working between the cylinders would have too 
"From Plate L, Materiel des Jloaiitires, Burat. 
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small a diameter, two leading pulleys are jilaced over the cylinders sur- 
mounted by a larger one. 

M. Hanrez has also proposed to do away with the r<i(:ks and pinion 
by the substitution of two bal- 
ance-beams connected with a 
tliiiYl and centi-al balance. 
The plan of rolling np and 
unrolling chains over pulleys 
is credited to M. Oolson. 

"When the motion is impart- 
ed, not by a direct-acting en- 
gine, as we have just been con- 
sidering, but from the rota- 
tion of a crank, it ia also 
necessary that the two rods 
should be connected together 
in order to secure an equal 
amplitude and speed of move- 
ment. Some of the principal 
methodswillbebrieflynotieed. — 
In general, balance-beams and 
V arlets are worke-d together by 
a connecting i-od, moved by 
another connectingrodj taking 
its motion from a geaiing, the 
pinion of which is placed on 
the main shaft of the steam- 
eugine. 

The annexed figure will give 
an idea of this arrangement. 
To avoid the great expense in- 
curred by these balances, Mr. 
Garffiu suspends the rods to 
flat cables, which pass over leading pulleys, and ai'e attached to the 
two extremities of a wagon rolling on rails and worked by a couneeting 
rod moved by the engine. 

An ingenious arrangemeut by Messrs. Taux and Guibal has been 
tried, but its utCity has not yet been established by practice ; but it is, 
nevertheless, wortiiy of being noticed. 

Two cylinders are i)laced above the rods, as in the direct-acting en- 
gines. The engine gives motion to a strong pump without valves, 
which alternately forces and draws water from the cylinders over the 
sliaft of the mine, thus alternately i-aising and lowering the pistons at- 
ta*',bed to the rods of the man-engine. Tho result is an alternate and 
opposed action of the rods. This plan would be excellent if the loss of 
wattir could be prevented. 

M, Colsou, at one of the reunions of engineers at Hainault, Mons, 
described some improvements which he had made in the form and con- 
struction of the rods.* 

Instead of making the rods of a continuous piece for the whole depth 
of the mine shaft, ■which requires them, to be strong enough at the top 
to carry the whole Wbl^\it of the apparatus, M. Oolson divides them into 
a certain number of small shafts, suspended by chains to pulleys, bal- 
ancing themselves two and two. These isolated rods are much lighter 
than in the other construction. The principal rod, extending down the 
"Burnt : MatMel ilea Honillh'es. 
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wiole deptli of the mine, binds the small shafts together -without sup- 
Ijortiug them ; therefore its strength must be proportioned only to the 
strain it has to overcome, ■which is vei"y little compared with the strain 
in the man-engines with continuous rods. M. Oolson gives a stroke of 
10 metres, which he obtains by the alternate winding and unwinding of 
two cables. 

The velocity of movement until now, except in the Colson machine, 
has never exceeded 50 metres per minute. The cost of construction 
varies considerably according to the construction, and, above all, accord- 
ing to the price of materials and labor in different countries. It varies 
between 75 to 200 francs a metre for a depth of 200 to 500 metres. 
The engines made recently are nearer the lesser price, and hardly ex- 
ceed the sum of 100 francs per metre. 

The power required for the movement of the man-engine varies fi.'om 
ten to fonrteen horse-power for 100 metres of height. The amplitude of 
motion, as already stated, varies from 2". 25 to 4"'.00, but in Colson's 
form it is from 10".00 to 15™.0O. In Cornwall, it is about twelve feet. 

The rods. — The rods are either made of wood or of iron. Iron is 
lighter, with the same power of resistance, and requires less room. 

Whether the rods are made of wood or of iron, they are all made 
with a decreasing section from the top to the bottom of the a.pi)a- 
ratus. The wooden rods are made in two ways — either of beams 
adjusted end to end, like tlie rods of lifting pumps, or they ai'e made 
with planks, the ends of which are stepped together, as indicated 
in the annexed figure. Gradually, as the load to be carried allows 
of it, a plank is left ont so as to reduce the weight as much as pos- 
sible, and yet retain all the necessary solidity- 
Iron rods have been made in various forms, but generally in the I 
shape of angle iron. The round or flat iron has the incouvenienci 
of allowing too much vibration, especially at the bottom. 

The number of rods for each side of the raan-eugine may be one 
two, three, or four. The single rod is generally used in the incliiic( 
shafts. It is composed of a piece of wood running on rollers at j 
about six or eight metres apart. These roUei-s of wood or east- 
iron are laid on sOls of wood fixed in the rock. 

The stages or platforms are made of planks large enough to re- 
ceive both feet, and are fii-mly supported by iron brackets below : 
iron handles are securely fixed by bolts to the rods, at a height oi 
about l'"M to 1™.30 above each stage, to enable the miner to kcoi> [ 
bis balance. 

Where the rods are separated by fixed ladders, as in some I 
instances, the distance required to pass over from one stage to the 
other varies from 0™.65 to 0™.75, which renders the apparatus in 
commodious and even dangerous. The stages are sometimes made 
large enough to carry two men at once, which permits the miners 
to pass each other with ease in going up and down, some ascending 
wliile others are descending; bnt in Preiberg the miners pass eacli 
other without much difficulty on the small and single stages. 

The lemding places or stages. — The stages are made of the lightest wood 
possible, and their dimensions vary according to the space at command ; 
they should not be less than 0™.50 to O^-CO square ; but some are made 
which are only O^-iO. 

But with these small dimensions they are dangerous. These st-agea 
are generally put in iron frames, which serve at the same time to bind 
the rods. When two stages, one on the ascending, the other on the 
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descendiDg rod, are level with each other, the distance which s 
them varies from 0™M to 0™.25, and 'even to 0'°.30. 

When the sijace is wide, there is danger in crossing' from one stage to 
the other, for the miner may step into the empty space and be precipi- 
tated to the bottom. Bnt if, on the contrary, the apace is very narrow, 
the passage is very easy, but there ia danger that the miner may impru- 
dently let his head or his slioulder project beyond tbe stage on which 
he is, so as to be stmck or caught-by the stage of the opposite rod dur- 
ing the movement. 

Tliis difficulty is avoided in two ways — either by mailing the stage in 
two pieces, one fixed and the other hinged, so that it rises wheii it meets 
with an obstacle, or in fixing nnder eacli stage inclined planks, well 
dressed and smootlied, which push against an obstacle and force it back 
■within the limits of the opposite stage. This last plan can only be used 
■where the movement of the man-engine is not too rapid ; if the motion 
is rapid, the first is preferable. 

The hinges of the stages are made either of copi^er or of very ati'ong 
leather to avoid oxidation. In the mines of Freiberg, Saxony, the 
stages are not placed opposite each other, bat side by side. 

Balance tceights anA pulleys. — The rods and stages work in guides at 
distances which vary from twenty to fifty metres from each otliei'. But 
this is not sufflcient. It would not be prudent to leave such a mass, 200 , 
to 500 metres long, suspended without any other support. 

The whole weight is therefore balanced by what are called balance 
pulleys. They are placed two and two alongside the rods. The opposite 
rods are then connected by chains, which iiass over these pulleys and 
thus sustain a. part of the weight of the rods, Tbe weight of one rod 

also counterbal- 
ances the weight of 
the other. Adjust- 
ing screw rods at 
the ends of the 
chains give the 
means of changing 
tbe length of the 
chain so as to se- 
cure the proper 
strain on ea«h sup- 
port oriiullcy. The 
a rran gem en t of the 
rods, the central 
ladder-way, and 
tlie balance pul- 
leys and chains, 
are shown in the 
annexed figure. 

The hydraulic 
balance has been 
tried for tlie same 
purpose. Itis com- 
posed of two pis- 
tons: oneis placed 
on the first set of 
rods, the other on 
tbe second. To 
these pistDiis two 
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pump-lsarrels correspond, connected with each other by a pipe giving 
free communication. The descending set of rods, taking the piston 
■with it, forces the water into the other pump-barrel, and as the water baa 
no outlet, it forces up the other piston, lifting the other set of rods with it. 

The hydraulic balance would be very good if the packing of the pis- 
ton could be kept tight. Unfortunately it cannot ; water is lost, and 
then the descending piston does not transmit its pressure to the rising 
piston before some part of the stroke is lost, so that the balance is dis- 
turbed. It has been abandoned for this reason. When the man-engiue 
is single-aeting — that is to say, where there is not more than one rod 
and the other rod is replaced by a line of fixed stages — the rod must be 
balanced to prevent the shock it would receive at the bottom by the 
impetus gained during its descent. This balance can be obtained by 
chains attached at different heights of the lift, passing them over pulleys 
attached to the rock and attaching to their ends counterpoises of suffi- 
cient weight. Sach an arrang'ement is very dangerons from the liability 
of the chains to breakage. 

In England such pulleys are replaced by beams carrying balance 
■weights : but although this arrangement is safer, it is much more expen- 
sive. The storoke, always a long one with a man-engine, requires beams 
of large dimensions, and they cannot be lodged in the shaft without 
making very large excavations in the rock, which are very expensive. 

ByAraulic regulators, — To regulate the descent, a hydrauUc regulator 
or brake is also used. It is a pump furnished with a suction- valve, and 
the outlet of the pnmp is furmshed with a tap. The piston of this pump 
is fixed to the.shaft of the lift ; when this latter rises the pnmp fills with 
water; when the pistou falls the water can only escape by the small 
opening, and the issue can be regulated by the tap. The rapidity of 
descent may thns be varied at will. 

Op&raHon of the mtm-engine. — We may now compare the different 
methods for the ascent and descent of miners, and note the great saving 
of time and strength resulting from the use of the man-engine.* 

To go down 100 metres of ladder requires about 15 minutes, (900 
seconds,) equal to 9 seconds per metre. If we suppose that the men 
follow each other at 2 metres distance, after the first man has arrived 
at the bottom of the shaft it will be 18 seconds before the second man 
gets to the bottom, and so on; so that, if the shift is composed of 200 
men, it will require 900 seconds + (200 x 18 seconds) = 900 + 3,600 
seconds = 4,500 seconds^ or 1 hour 16 minutes, for them all to descend 
to the bottom. 

If the shaft is 400 metres deep, ir> minutes per 100 metres must be 
added for the descent of the first man, which makes altogether 2 hours 
for 200 men. With this basis for calculation it is easy to find the time 
required for the descent of any number of men to any given depth. 

The ascent of 100 metres of ladder requires about twice as much time 
as the descent ; then, if we take the depth of 400 metres, and the num- 
ber of men 200, we have for the descent by ladders 2 hours, and for the 
ascent 4 hours — ^in all 6 hours, which, added to 8 hours' work per shift, 
makes 14 hours, during 6 hours of which the work in ascending and 
descending is much harder than the actual mining. 

It is impossible for men to continue to perform such labor, so that in 
most mines over 250 metres deep the hours of real work are shortened 
and the balance of the time is set apart for the work of ascending and 
descending. 

18 otliei^ Autails respecting the man-eugine are taken from. 
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Tlie Polyteclinic Society of Cornwall, iu compariug the rate, of mor- 
tality among men working at diifereiit depths, {accidenta dedncted,) 
estimates that in -works of 400 to 500 metres in depth, where ladders 
are used, iiie lives of tlie men are shortened by twenty years. However 
this may be, it is certain that the prolonged nse of ladders gives rise to 
serious deraugemeuts of the organs of resiiiration, and renders a certain 
number of men unfit for work before they are thirty years old. 

The time required for lowering and raising a shift of men by cables 
is not as easy to estimat-o as that required where la<lders alone are used. 
It depends, in fact, on two variable elements — the rate of speed, and the 
number of men that caa be lifted at each time. 

The rate of speed vai'ies according to tlie importance of the workings ; 
in shafts without guides it is often firom one to two metres per second ; in 
shafts provided with guides and cages, it is fixim three to twelve metres 
, per second ; but when the men are taken up and down in the cages, the 
speed is often slackenedj keeping it about three to six metres per second. 
The number of men earned at once is from two to threein the small work- 
ings, and sixteen to twenty, or more, in mines of greater extent. 

A comparison of the time required for the descent by ladders and by 
lowering in cages may be made as follows: A^uming that there are 
200 men in a shift and that the depth is iOO metres, the rate of speed, 
averaging, say five metres, and that eight men are carried at once — at five 
metres per second, to ascend or descend 400 metres requires i^o^SO 
seconds. To this must be added about two minutes (-120 seconds) for 
the stepping in and out of the men, and the starting and stopping of the 
engine, which makes altogether 120 + S0=:200 seconds.. Lowering 8 
men at once, we. have 3^^25 journeys in all for the shift; the time will 
therefore be 25 x 300 seconds=5,000 seconds:=l hour 24 minutes. 
Doubling this for the entire time in going into and out of the mine, will 
be 2 hours 48 minutes, which is half the time taken tor tlie ascent and 
descent of tlie same number of men by ladders. But these figures are 
not absolute ; they may vary widely, either more or less, according to 
the extent of the workings. 

The advantages and disadvantages of the rope are inversely to those 
of the ladders; the health of the m.en does not suffer, but there is less 
secniity, and accidents are much more serious. 

Accidents by ropes and by ladders are as 3 to 2 ; but this ratio is etiU 
increased by the fact that of 100 accidents to men, 94 are killed and 6 
injured. 

These deplorable consequences from this method of transportation of 
miners caused the Prussian government to prohibit the lowering or rais- 
ing of men by the cages in the mines of Prussia. 

In order to estimate the time required for the ascent and descent of 
miners. by the man-engine, let us take our standard example, 400 metres 
of depth, ami 200 men to send down or lift up for each shift. 

Allowing the stages to be 6 metres distant from each other, and the 
man-engine to make 6 double strokes per miniite,in on,© minute a man 
■wDl then have passed upon and from stages; be will then have been 
lifted 6".00 X 6=36" .00, and consequently will rise the 400 metres; 
in i"^ =^ 12 minutes, in round numbers. Each double stroke thei-eafter 
■will deliver another man at the surfece, or, which is the same thing, the 
maohine will lift 6 men per minute ; the 200 men will therefore arrive at 
the surface in 200 = 34 minutes in round numbers, which, added to the 
12 minutes required for the whole ascent of the first man on the stages, 
gives in all 46 minutes ; doubling this for the lowering and lifting of one 
shift of men, and we have 93 minutes {1 hour and 32 minutes) for the 
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wholC; and that witliont either danger or fatigue. So that for 200 men 
and 400 metres of deptli, tlie ascent by ladders reqnirea 6 hours; by 
hoisting, varying from 1 to 4 hours ; by tlie man-engine, only 1 J hour. 

The fitting up of a man-engine ia doubtless n considerable expense, 
but it is soon repaid by the time saved, and the prevention of muscular 
fatigue of tlie miner. 

For further details respecting the construction and working of man- 
engines referencemay be made to the following-named works, from which 
a part of the information here presented has been compiled : Burat's 
Materiel des Honillfei'es ; PorfefeuUle de CockeriU; Zeitsclirift dee (eater- 
reichisehen Ingenieur-Vereins, 10'^' Jahrgang; Annales des Travaiix 
Publics de Belgique, vols. 4 and 6; Anuales des Mines de Prance, 5"">, 
vol. XV ; Eevue ITniveraelle, vols, iv, v, vi, xiv, xid. 



CHAPTEE 5III. 

VEHTILATION. 

Very few of the mines of the "West are so deep and extensive as to 
require any elaborate and extensive contrivances for their proper venti- 
lation. In most cases, their position and construction are such tJiat a 
curi'ent of air circulates spontaneously through them by reason of one 
of the opeuiugs being at a greater altitude than some other, as, for ex- 
ample, one or more shafts with tunnels leading to them from the hill- 
side. If the air in the mine is warmer than that outside, it rises in the 
shaft, and is replaced by the influx of the colder air through the tunnel. 
But the conditions essential to ventilation in this way are not always 
found, and it becomes necessary to resort to artificial means to supply 
the miners at the extreme points of the mine with fresh air. In driving 
long tunnels, esiiecially where powtlei- is used, the air is rapidly ^dtiated, 
and soon becomes unfit to breathe. 

There are two ways in which veutilatiou may be effected, either by 
drawing the impure air out, or hy forcing pure air in. A good example 
of the first-named method was presented at the Latrobe tunnel, Vir- 
ginia City, which vms driven ifor the greater part of the distance with- 
out a ventilating shaft, one oply having been sunk not far from the 
entrance. Tin pipes were first used to convey the air and were placed 
along the top of the tunnel extending from a few yards back of the 
face to the bottom of the air-shaft. But it was found difBcult to main- 
tain a good draught, and the metal pipe was replaced with one of wood, 
made of boards about eight inches wide, and rabbeted so aa to form 
tight joints. With this arrangement no difficulty was experienced ; the 
heated air at the end of tlie tunnel escaped constantly through this 
tube and rose in the shaft, while the pure air from the outside flowing 
in at the mouth of the tnnnel took its place. In this instance it was 
evident that the non-conducting quality of the wood prevented the air 
from becoming cooled in its passage before it reached the shaft. 

The method of produdug a draught by means of a fire or by connect- 
ing the ventilating pipes with the ash pit of the furnace flres is well 
known and is often resorted to on a small scale in California. 

The only example of mechanical ventilation worthy of special men- 
tion which came under the writer's observation in California was at the 
Princeton gold mine, Mariposa Estate. Poul air was generated to siich 
an extent in the southern part of the mine that it could not be entered. 
A simple centrifugal fan-wheel, about ten feet in diameter and two feet 
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wide, was erected over the nearest shaft. This fan-wheel was not in- 
closed, but revolved between two vertical temporally walls of boards, 
thus leaving the arms and fans fnUy exposed to view. The mouth of 
the shaft waa tightly closed, excepting two oi>enings connected bybox 
tnhes with large openings in the walls of boards, around the axis of 
the fan-wheel. When this wheel was pnt in motion by a band from the 
engine, it produced a strong current of air up the shaft, and cleared the 
workings of foul air in a short time. It was evident that a much 
smaller blower would have answered the purpose. 

Tor forcing pure air into tunnels and drift-s of slight extent an ordi- 
nary wind-sail or a fan-wheel driven by hand or attached to the horse- 
whim is usually employed j but these, of course, from their want of 
forcing power, are not very effective. The object in using them in most 
cases is not so much to supply pure air as to give a coohng current or 
blast of air near the workmen. 

In several of the mines upon the Oomstock lode, the "Indiana Blower," 
Boot's rotary compression blower, is used with great success in venti- 
lating. Mr. James G. Pair, superintendent of the Hale and Morcross 
Silver Mining Company In March, 1869, had the blower in constant 
use, day and night, since its adoption by the company in August, 1868. 
Although of only medium size, it supplied sufBcient airto enable them by 
the use of branch pipes and dampers to prospect simultaneously at 
different depths, and at considerable distances apart upon the same 
level. It furnished air tfl two gangs of miners in separate drifts on the 
1,030-foot level, and partially ventilated the level 100 feet above that, 
and with but a portion of the power the blower could have utilized. 

The Potosi Compauy have had a No. 2 blower for ventilating the 
levels below the 900-foot station ; and they have been successftilly used 
mion the Yellow Jacket mine since the great flre. Mr. Winters, the 
superintendent, in August last in i letter to the ■agents, said, "I have 
great pleasure in stating that they wo k adn ribly If we had been 
without them, it would have been qu te ni oss h e to work our mine 
since the great fire in th i in I the adjo n^ m nes " 

This blower gives a " i os t ve or to e bla. t ta ang in and forcing 
forward a definite quantity of a r at each evolut on Its construction 
is shown by the figures a nexed 
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The first figure shows tlie exterEal form ot the c<tse, and pulleys at 
each end for the receptiou of driving-belts. The tross beetion of the 
interior shows the inlet and outlet and the tonn of the dims oi wings 

The case is usually made of east- a, ™ ji, 

iron, with the cylindrical parts 
bored out, and the liead-plates 

faced off truly upon a boring- "' ~" - - - 

mill, arranged for the pm^pose. 
The friction is confined to the 
journals and cog-wheela. The 
arms or wings do not touch in 
running, but move as closely to- 
gether as possible without being 
actually in contact. They are 
about two feet long and make 
from XOO to 300 revolutions a 
minute. A machine exhibited 
at the Paris Expoiiition was said 
to produce a pressure equal to 
one-third of an atmosphere, or five pounds to the i»iuaie inch, when 
driven at the rate of 250 turns per minute. 

In the coal mines of Peunaylvania more and more attention is now 
given to ventilation, as not only the ordinary difficulties of working, 
but also the liability to accumulations of dangerous gases increase with 
the depth of the mhies. The different systems of natural and artificial 
ventilation, including the use of the furnace, steam-jet, and blower, have 
been vigorously discussed during the past year or two by Messrs. Koth- 
well and Harden, mining engineers of Wilkesbarre, in the columns of 
the Sew York Engineering and Mining Journal. The latter gentleman 
seems to esteem the furnace more highly than the former, who in moat 
cases prefers fans. The arguments on both sides were interesting and 
valuable; and those directed against the furnace were emphasized 
shortly afterward by the terrible catastrophe at Avondale, where appa- 
ratus of this kind set fire to a column of gas and burned the brattice of 
the shaft and the breaker over it, closing the only entrance to the mine 
and sacrificing a large number of lives. A fan has been substituted for 
the furnace at Avondale ; yet under some circumstances a fan is in- 
ferior. For instance, when a fan is disabled or interrupted its effect 
ceases at once. Thus, at some critical moment in a mine, or in some 
very fiery mine, where every moment is a critical one, the fan ventila- 
tion might instantly and totally cease, wliile a furmice, though neglected 
«r interrupted, would continue to act, though with diminishing effect, 
for hours. The precaution of maintaining a duplicate fan always in 
reserve is calculated to remove the objection. 

MECHANICAL VBNTILATION OP MINES ABROAD. 

For the extensive collieries of Great Britain and the continent of 
Europe powerful means of ventUation are required, and the subject re- 
ceives great attention among mining engineers and constructors. The 
miners not only have to contend with the air vitiated by their own res- 
piration, by the animals employed, and by the lamps, but the coal beds 
themselves give oft' large volumes of deleterious gases, and the dreaded 
llre-rtamp, the collier's great , destroyer. Coal mines therefore reqnire 
more elaborate and costly preparations for ventilation than any other. 

The mean depth of the English coal mines is 180 metres ; of those in 
Belgium, at Charleroi, 360 metres ; at Centre, 3.50 metres ; and at Mons, 
416 metres. 



,dhy Google 



156 M>:CHANICAL APPLIANCES OP MINING. 

A few years ago iieai'ly all the iiiiportaut collieries of England were 
veotllated by means of furnaces placed near or at. the bottom of ven- 
tjlating ahafts, by which the air was rarefied and made to ascend. In 
aneh furnaces, from ten to tweuty tons of coal were burned daily. This 
required large furnaces and costly excavations, and galleries of large 
size for the air-courses. In Belgium and France mechanical ventilation 
has been carried to a great degree of perfection. This system is said to 
be well establishedbyexperienceasmiich cheaper andlessdangerousthan 
the use of furnaces, and is gradually replacing the furnace ventilation. 

Mechanical ventilators maybe grouped in three classes: 1, centrifu- 
gal ventilators, or fans ; 2, rotary pumps, or force-blowers ; 3, piston 
machines, with reciprocating motion. 

Ventilators of the first class are of great dimensions, capable of de- 
livering immense .volumes of air. They have been in use for about 
thirty years, and have undergone many changes and improvements- 
Like most other ^ entilators, they act by aspiration, producing to a cer- 
tain extent throughout the mine a lower barometric pressure than is 
found mtht extt-inil iir This depression varies in general from five to 
seven t< i 

QutI < lib d s ventilator, after liaviiig imdorgone maiiy 
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chaDges and improvements throngli a series of years, is now most in 
favor. It is made with a diameter of 7 to 9 meti-es, aud is inclosed for 
three quarters of its circumference. The other quarter has a movable 
valve, 80 that the size of tlie delivery opening can be varied at will. 
The air of the mine is received by a central opening, of which the di- 
ameter is equal to that of the shaft, and it is thrown out through a ver- 
tical chimney, the sectional area of which increases as it ascends, in 
oMer that the current may enter the outer air with a progressively re- 
duced velocity. These ventilators are also used to throw air into the 
mine by reversing the current. 

The construction shown in the section is that of the ventilator estab- 
lished by M. Gruibal at the Blanzy mines. It has two chimneys, one for 
delivering the air from the mine upward, and the other for a reverse 
movement when it is required to take the air from the surface and force 
it downward into the mine. lu this case a valve or door at the top of 
the chimney closes the opening, and when the fan is used to throw 
the air ont of the mine the reversed chimney is closed by a similar door. 
This tbrm of ventilator was formerly made open without an envelope 
or outer case ; but it was soon found that much of the power was lost 
by re-euteriug currents of air. 

In 1862, M. Guibal sent to the London Exhibition the plan of a ven- 
tilator capable of displacing 100 cubic metres of air per second. This 
required a fan nine metres in diameter and four metres wide. 

The engineers of the Blanzy mines, guided by a long experience with 
Duvergier's ventilator, have adopted a machine with the axis vertical. 
The fan turns in a |)it lined with masonry and covered over. The air is 
drawn iu from below and is thrown out through an opening to a chim- 
ney at the side. It is about 30 feet in diameter, and is known as the 
Audemar ventilator. 

PAN-BLOWEES. 

To this same class of ventilators belong the great variety of the or- 
dinary fan-hlowers, and it will be sufifteient for the objects of this notice 
to mention only one or two of these, which have been used to some ex- 
tent in mining. 

Lloyd's tioiseless fan. — Lloyd's noiseless fan, an end view of which is 
how ' th fi n p 'bt. of \ hollow di aide of two cones of 

tl n t 1 T 11 lei lali llv bv c r el 1 *rt t e\tending from 
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the axis of revoliitiou to the periphery. Its eonatructioii macli reseni- 
Ijles that of Appold's pump. Ttie air is taken in by openings at the 
centre around tlie shaft, and discharged between the partitions at the 
circumference. It ia made of various sizes, from thirteen inches to four 
feet in diameter ; tlie smallest are ran with the velocity of 1,81)0 to 3,000 
feet per minute, and the largest 800 or 1,000. When used as an aspira- 
tor ju mines, the suiTOunding box is not required. 

Schiel^s fan. — Schiele's compound blowing fan consists of two fans 
resembling Lloyd's, and acting soccessively upon the same air. The 
first fan drives it into a chamber between thei^nsat a pressure of abont 
six ounces; the second compresses the air still more, so that at the de- 
livery pipe it has a pressure of about twelve ounces per square inch. A 
ventilator upon this principle was used in the ventilation of the Exposi- 
tion building at Paris, 1867. 

It is well to note here that for the purposes of aspiration of air from 
mines, where great volumes of air are fx) be moved at a low velocity, and 
tlirongh large galleries and drifts, the large centrifugal blowers Or fans 
are well adapted ; but for forcing air in through narrow pipes or condu- 
its, where large volumes cannot pass, velocity and pressure are required, 
and for this purpose the compression or force-blowers of the second 
class are preferable. 

EOTAEY COMPEBSSION VENTILATORS ABEOAD, 

Of the second class, the rotary compression ventilators, Fabry's and 
Lemielie's appear to be the most used. Fabry's consists of two inter- 
locking wheels, with three arms, the extremities of which are in the 
form of a cross, with epicyoloidal arcs, tlie surfeces of which, coming in 
close proximity or contact with each other, carry forward a volume of 
air equal to the inclosed spaces at each revolution. These ventilators 
are generally l^.TO in diameter, and from 2"' .00 to 3™ .00 long. 

JJemiell^s ijesifiiator.— rLemielle's^'entilatorrevolves horizontally. For 
20 to 35 revointions per minute, and a delivery of 30 to 40 cubic metres 
of air a second, the diameter should be 7 metres and the height 5 metres. 
Cooke's ventilator. — Mr. Cooke, of England, has reeently iJroposed a 
ventilator of the same class. It is described in " Engineering," from 
■which I condense the following desciiption : 

suitable for a, 1,000-1'eet pit, and it is iatondeil to yielfl, per 

' --- —'-•- — exhaustion e(|Tial to 3 inclies of water; or 

150,000 cable feet, with an exhaustion of 

4 inches ; or 120,000 cnbic feet if the drag 

is increased to 5 inches of water. 

It consiste of two drums, a, each 8 feet 
in diiuiieter and IS feet in leo^, tliese 
(trains being mounted eccentrically on the 
sliafts (. The amount of eccentricity of 
each drum is 3 feet', aild each as it revolves 
thus moves in contact — or almost in oon- 
tiiet — witli a, cylindrionl caBing, o, of 6 feet 
radina. The caaings, o, are closed at the 
ends hy the hriek waUs which fonri the 
side ot the apparatus, these walls being 
coated with plaBler over those portions 
ngninst which the ends of the drums, a, 
work, ajid heme connected at the tflp by 
the covemig The casings are not com- 
plete cvhndlrs, each being open for a por- 
tion ot its oircuuiferenu! d e. The air 
from tlie mine is led to the apparatus by 
the shnft "liirh conimuuu ites with the 
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ili-awn into these casings, aiKl finally diBoliBcged at oiwnings by tlie action of the revolv- 
inj); ilTums, a, iu a maaner wliicli we shall how proceed to explain. 

The portion, of the casing left often is closed by a vibtating arm or "shutter," s, 
hniig by the upper edge at j, and the lower ed^ of which Is. kept closely. iu contact 
ivith the surfiice of tlie revolTing eccentrio cylinder by means of an arm keyed upon 
a prolongation of the shaft 1, beyond the aide of the machine. 

Each arm is 6 feet long between centers, this length corresponding to the distance 
between the center of the shaft, j, and the center, m, from irhieh the ciirveof the lower 
part of tie shutter, j ft, is struck. In fact the center of each arm agrees exactly in po- 
sition with the center, m, to which it corresponds. On. one end of each of the main 
axles, B, is filed a crank, each crank having a 2-foot throw, and tlie center of its crank- 
pin, exactly oorreeponfliug in position with the center of the eccentric drum on the same 
shaft. Each of these cranks is connected by a link to the end of the correspondiug 
rocking arm, and as the length of this link is equal to the radius of the drain, a, added 
tfl> the radius m o, of the lower part of the corresponding shntter, j h, it fbUowe that 
each shutter is kept in constant contact with the drnin to which it belongs. The lower 
edge, it, of each shntt«r sweeps over a, curved surface of plaster, e /, this plaster, which 
is held in a hollow casting as ajiown, enabling a sufficiently tight joint to be made very 
t-eadily. 

The action of the apparatus, which we can best describe by considering the motion 
of one drum only, is as follows: When the moving parts are iu the position directly 
opposite to that shown iu the section, the communication between tlie interior of the 
casing, o, and the apace surrouudiug it is closed by the shutter, j f; but as the drum, a, 
moves round in the direction of tlie arrows, tlie lower end uEtheshutter.J*, gradually 
approaches the shaft, b, sud a space is thus opened between its lower ed^ k, and the 
edge, e, through which tie air can enter the casing, c^ this opening reaching its masi- 
niura area when the parte ate in the positiouB shown. As the drum continues its mo- 
tion, lie shutter, j k, returns again toward the position, j W, and the air which has entered 
the casing is swept round to tie disehaiae opening, g. Tke curved anifac^ e/, is made 
of such, length that the lower edge, fc, of the shutfer keeps in contact with it during tlie 
time that the point, p, of the drum^ a, (the point of greatest eccentricity,) is passing 
between the points d and e of the eircnmference of Uie caeiug — and in fact somewhat 
longer — thus preventing any back leakage. 

'Hie two drums, a, are so connected to the engine as to be moving always in contrary 
directions. One reason for tJiis is, that the air contained between each drum and tbe 
interior of its cylinder is newly a complete orescent, and consequentiy much smaller at 
the horns than in the middle. By having a second drum working at the horns when 
the first ia working at the middle of its orescent of air, the two drums are made together 
to give an equable stream of air in the shaft. A second reason for adopting this plan 
is, that convenient sizes for mine ventilators are apt to be too long, ana if the weight is 
to be divided this plan admits of the convenient dispositiou of the engiue, while, at the 
same time, doubling the bearings of the machine. A third reason is, mat although the 
drama are perfectly bsdanced as reapeota their own rotation, there remains the recipro- 
cation of liie shutters and their levers and eomiecting rods, which, instead of introduc- 
ing vibration into the machine, are by this means made to compensate each other 
through the girders upon which they respectively act, A fourth reason, not unimport- 
iiut iu large machines, is, that the shutter as adopted in the plan, (tlie small weight of 
tliis shutter being as much as possible eouoentrated near the axis, so as to assist its 
])eudnIous action, and diminish as much as possible the travel of its center of oscilla- 
tion] has the pressure of the air ou one side uidy, and consequently puts a certain strain 
upon its connecting rod, which, by this duplicate arrangement, exactly counterbalances 
that upon the coimeethig rod of the other machine, IJie strain of course passing through 
the si^ rods fcom one drum to the other. 'When the machine is not duplicated it is 
proposed to place a balance weight near the axis of the shutter, at the same time par- 
tially balancing the pressure of the air, and making the shutter vibrate more in har- 
mony with, the revolutions of the drum. The next thing to be observed is that the 
opening ou the top of each machine ia eqnal to the extreme opening of the shutter into 
the cyhuderiuternaUy. Tlie machine whose shntter ia in this poaitiou is at its greatest 
work whUe tJte shutter of the other machine is olosed, and eonsequeutlj no work is for 
a moment going on there. It wiU also be noticed that the openings which have been 
spoken of are much greater thau half the area of the shaft to whidi the machine is ap- 
plied. Tliis ia to avoid ^ving the air a higher average velocity in any part of its pas- 
sage through tiie machine than that prevaiting in the shaft. The machine acting on 
the thick part of the cresceut doing much more than, hsdf the whole work then gouig 
on, the opening has been proportioned, so as to realize the required, velocity. 

The shafts, 6, are provided at one end witli cranks, whicQi ate coui>led. to a crank of 
eqiial throw fixed at the end of the crank ahaR of a horizontal engine placed by the 
swiB of the apparatus. The motion is thus communicated from the engine to tlie drums 
in the same manner as tlie coupled wheels of a locomotive are driven, a simple arrange- 
ment wliich will no duiibt be found to work well. The arrangement also allows either 
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drum to 1)0 (liscoiineeted, when it recnitrcB to be atopped, Ttithout aecessitating the oon- 
tiuued stopi'iige of the other. Thie advantage is suiEcient in fiery mines, at least, to 
jnstify the precaution/ 

Wethiuktliattheparticulai'SAveliave given ofMr. Cooke's veutjlator will Bhowthatthe 
machine possessea many featuxea that render it entitled to the careful attention of thoae 
interested in mine venuJation. The apparatus oonsists of but few paita, and those are 
aU of Bimple oonBtruction, and are anlyeeted to nothing more than very orilinacy vrear 
and tear. The eooenttic drums are of sheet iron, ift-lnuh thick, gupported by oast-iron 
ecceBtrics, which idso form the LaJanoe weiffhts. The caainga in which the drums work 
are alao of dieet iron -i-ineh thick, atifienedoy ribs; while the aide walla of the appa- 
ratus are of brick, and have cEiat-iron columns built into them to support the plummer 
blocks. As the druma revolve barely iu contact with the caaing and flaps tliey wiU be 
subjected to little or no wear BO lon^ aa the bearings of the shifts, &o., are kept prop- 
erly aiyuated, aaid tJieae bearings hemg all fully expoaed to view there is no reason why 
they rfiould be neglected. Indeed, one of the great practical advantages of tlie arran|«e- 
ment ia that aU the wearing pacts are completely open for inspection. 

Upon the performance of this blower iu model, " Engineering" re- 
mEU'ks: 

This model represented, to the scale of 1 incli to the foot, the veutUator we illus- 
trate, and it was tested against a 35-inch Utiyd's fan, by employing an enmne to drive 
the model and fan altematelj', full steam being admitted to the engine anil the boiler 
being kept blowing off ui each case. Underthesecironmstanoeatlioniaximnm pressure 
against w)iicb the tan waa found to deliver air was equal to Bf inches of water, wlule 
]|&. Cooke's ventilator blew well against a presam-e of 22 inches, beyond which the en- 
gine power was insuf&cieiit to drive it. In another experiment the model, although 
driven tlawigh a belt and gearing, was fonnil to utilize 78 per cent, of the indicated 
power (rf engine when exhausting against a drag of 6 inches of water. Ttua ia a very 
high duty, iffl. tliingB considered, but at the aame time we aee no reason— judging from 
the conatonetion or the apparatus — why an equally good result sbould not be obtained 
from, the trial of the maebme on a lai^ scalii. TIic f:aiit ivhicli have been applied for 

veutUating pnrposea have been found tii > iilil ITi ■ I hr iliilv of fi«m 40 to 55, or in 

some easea nearly 60 per cent, of thepoivi I ;■ .! . ' ■ 
iana, varies very materially at different H)! i ii i i< i 

>ver, uidesBUsedon tde duplexsy,'<t' II — 1 1 . i- '■ n^i^eiving and condensing 

ir delivered bj another — they oanmit iir hhi v<iii, ni i-i «■ (irked - against high pres* 
aures. Mr. Cooke'a ventilator, on the other liaiid, iippfuirH well adapted for working 
against much, higher pressures tliau are ever wanted for mine ventilation, and we be- 
lieve that in a a^htly modified form it might be advantageously employed fiir supply- 
ing blast to cupoCi furnaces and for similar purposes. 

Boofis eompression hlower. — Boot's compression rotary blowers, in use 
in our mines, and already described, lielong to tbia class, and for sim- 
plicity and effectiveness compare favorably with either of the above, 

EvrarWs ilower. — Evrard's compression blower may also be noticed 
here. It is constructed upon the same principle aa the rotary steam-en- 
gine of Breval. Two cylindera of eqnid length, and whose radii are as 
two to one, revolve in contact, one rolling upon the other, except where 
two cycloidal indents in the smaller cylinder receive in succession eiich 
of four projections or.pallets upon the larger. 

TMrion's hydraulic pressure ilower. — Of the third class — machines 
with a reciprocating movement — ^Thirion's hydraulic pressure blower is 
worthy of special mention ; and this notice I extract from the report of 
President Barnard : • 

StiU a third compression ventilator appeared in the Exposition, which, for its simplicity 
and its originality, seems ia merit notice. It is cnlleil by the exliibitor, Mr. Thirion, 
of Mireeoi^, France, a machine MH^aitied eolouiie d^ciiii, bnt the water referred to in the 
name served no other purpose hut to pack the moving parts and prevent friction. Tlii! 
flgnre annexed will serve to render the construction intelligible. 

Three cylinders are here seen, side by side. The two lateral ones are tlie coihijiiikh- 
ors, and the middle one the regulator. One of the compressors ia shown in Hoction. A 
is a cylinder of wood or sheet metal, as may be convenient, bolted to the base which 
sustaane the whole. Withiii this is another oyhnder, and between the two is an annu- 
lar space which may be filled to any level desired with water. The water level in the 
figvu'e is shown at O. Between these two cylinders is suspended an inverted cylinder, 

* Madiiin'iy iitiil ProcifBses of tb.i Iiidiictriiil Arts, pp. 193-190. 
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or cylinder open doiviiwarcl but closed at top, irliich enters tlie mmiilar spiice between, 
the two cylinders first named, withont tonching either. In the top of this suspended, 
oylinder ai'e two valves, E and E, which open inward. A cap is plaeed on the central 




tj-liuder ^>itl jn ii d iii 1 \ iU<- hoi l.eneath 1 
oiien outward as shown. From tlie closed space inti 
a pipe D, which conuniinicates beneath the base bv 
tubeH, with the regalator. The action of the maol! 
it being observed that the reg Qlatflr. is constructed o 
as that the oylinder B, which is closed above and f~ 



two other valves, F and F, which 
which tliese valves open descends 
neans of the reourvBd and rising 
ne will now be easily understood, 
. the plan of the compreesov so fac 
below, descends into an annnlar 



le containing water, like the Hiispended cylinder of the compressor. The cylinder 
B, however, is not suspended, bnt is simply fcept in tut upright position by a guiding 
rod proceeding fcoin the centre of its crown. It hiia als-i a scale ^an above it to receive 
pressure weights, and shonld have a safety valve, though none is shown in the figure. 
The movable cylinder of the compressor is suspended bom a crauk or eccentric on the 
driving shaft (d a x>rime mover. As in the revolution of the shaft tlie cylinder is lifted, 
air enters by the valves E, which spontaneously open. As the cylinder descends the 
valves E close, and the valves F are opened by the pressure of the contained air which 
is condensed by the force of the motor. The condensed air then finds an escape through 
D and enters the regulator through H. At the top of His a valve which is represented 
as raised by the entering eurrcnlB. Tile cylinder B rises to give room fbrthe entering 
air, the pressure remaining constant and being dependent on the weight with which 
the scale pan is loaded. The second compressor acts tdtemately with the first; so that 
11 stream of air is constantly entering the reservoir from one or the other. A. tube P, 
fTOiii the centre of tlie ri'jjiiliitor, descending below tlie base, conducts the blast to the 
]1 ^l 
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point wliereitis nee(leii,aiidiv]iei'eitis(leliiveredtlirongliatiiyere,P. 
attached to tbiti tuyere shawB tlie pressure of tlie air at the efflux. ( 
pressure ie iiici*aat!il, the level of the wst«r ■within and without the iriovable cylinders, 
holli of tin coui]ireBsorH aud of the regulator, wiU beoonie nuenuul ; and tho luaximiim 
jiressure attainable -will be only equjU. to the vertieal height between the top of the 
fixed cylinder A and the bottom of the movaWe cylinder when at its bigheat point. If 
tlie ivater in A is in too great qnantity to admit of snch a pressure it ttIII run over 
until the presaure ia attained. If it is in deficieiioy, the maximum oannot be attwned, 
but the air at some preBsnre inferior to the inaximnm will begin to escape from beneath 
the bell. These stateinents are funoded on the uuppositiou that the anspended cylin- 
der, or bell, divides the annnlar space into which it enters equally. Greater preBBure 
may be obtained by the use of a liquid heavier than water ; and, for powerful blaats 
Mr. Thirion pri)poses to employ mercury. With water he obtains a presBure of ninety- 
five centimetres, (about three feet,) or say a pound and a half to tlie sqnare inch. 8ub- 
Btitiiting mercuiy, there might be obtained, with half the difSarenoe of level, two- 
thirds <a an atmOBphere. The pressure of a ponnd and a half, however, ia about four 
times that whluh is furnished hy a ^od ventilating fan, aud higher than ia commonly 
'uBed in onpola fiiniacee. 

TMb macliine has four yery decided recommendations. It wnrka almost without 
friction or leakage; the deterioration hy wear ia inappreciable; the perfect and exact 
regulation of the pressnre is easy; and iinally. the excellence of its performance de- 
pends in no degree upon precision of workmansliip. It Is a machine, therefore, which 
IB especially adapted to the exigencies of furnaces in new countries anil iimiing the 
mountains, since it can be easily constructed on tlie spot, and will give no trouble in 
!e of derangements. 



OHAPTEK XIV. 

SAPETY LAJIl'S," AHD riEiaK iri MIXICS. 

As connected witli the subject of ventilation, the followiug itotici^s of 
tlie principles npoii ivLiuh safety lamps depend tor their eflicacj, and of 
the conatructioii of those most used, have been prepared : 

III the coiniiioii Davy Inmpthe flame ia sunouiided by a cylinder of 
black iron-wire gauze, with 28 apertures to the linear inch. This cylin- 
der is firmly set in a brass ring which screws, upon tlie top of the oil- 
vessel. The weight of this oil-vessel is held by three stout upright wires, 
outiside of the gauze cylinder, add brought togeMier at the top for the 
reception of the ring by which the whole can be carried. The upper 
portion of the wire-gauze cylinder is made double to secure greater dn- 
bility under the corroding etfecte of the air on the hot wire. 

The two Davy lamps first used in a coal mine are still in existence in 
the collection of the Moseam of Practical Geology, Loudon, and are 
described as of small size, with oylindrical oil- vessels of copper. The 
wire-gauze euveloiKJS or cylinders are of very fine brass wire, and the 
mesh is very small, Tlin^e iron-wire standards extend from the oil ves- 
sel below to ft flat bra«s cap or roof, to whieli the carrying ring is at- 
tached by a swivel joint. The original safety lamp of tiir Humphrey 
Davy is in the possession of the Itoyal Institution, 

Various modifleations of the Davy lamp have been made from time to 
time, and there is a great variety of lamps in use, but those best 
known, beside the simple Davy, ai'e the Stephenson, Olanny, Mueseler, 
aud Boty. 

Stephenson's safety lamp was invented by the celebrated engineer 
George Stephenson, at about the same time that Davy designed his. In 
this lamp the wire-gauze cylinder is lined with a close-fitting glass chim- 
ney. The ail' is admitted below, through a number of small holes in the 
brass ring. It has a cap of peiforated sheet copper. It ia considered 
safer than the common Davy lamp, since the gauze, being hppt from 
coutact with the flame by the glass lining, cannot become red hot. 
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The Millers' safety lamp, invented by Struve, of Swansea, wliicli has 
heeii extensively introduced in the fiery collieries of Soutli Wales, is 
similar to the Davy lainp, differing chiefly in this, that the wire-gauze 
cylinder is expanded at the bottom and made longer, so a^ to reach half- 
way down the sides of the oil bos and include half of it. This enlarge- 
ujent of the gauze cylinder at the base gives it a conical form and a 
much broader surface than at the top. The advantages of the construc- 
tion are the free admission of air through the numerous meshes of the 
enlarged base, the greater cooling surface of the gauze,and less obstruc- 
tion to the diffusion of the light downwai-d and in other directions. 

In the Clanny lamp a part of the cylinder of wire gauze is replaced 
by a cylinder of thick ghiss, the object being to secui'e more light from 
the flame than can pass through the wire gauze in the usual construc- 
tion. The glass cylinder has a larger diameter than the gauze cylinder, 
and is supported in a frame made of two brass rings, one above and the 
other below, and united by six vertical wires. The wire-gauze cylinder 
is secured to the upper ring, and the air for the supply of the combus- 
tion enters through the gauze above the glass, and has to descend to 
the wick. This construction does not give much more light than a com- 
mon Davy lamp, owing to the absorption of the light by the thick 
glass. 

Mueseler's safety lamp also has a thick glass cylinder over tbe light, 
with a conical gauze chimney above it. It is so constructed that the 
feed-air is made to descend along the inner surface of the glass, keep- 
ing it eool, before being deflected upon the flame. This lamp is much 
used in the collieries of Belgium and the north of France. 

Eloin's lamp has a short, thick glass cylinder around the flame, and 
the outer surface is curved, so as to diffuse the light. Instead of a wire- 
gauze chimney, there is a brass tube covered with wire gauze at the top. 
The air enters through a short vertical wire-gauze cylinder, and is dis- 
tributed upon the flame by an argand cap. 

Boty's lamp also has a short glass cylinder, but above it there is an 
ordinary gaiize chimney. The air is admitted through a perforated cop- 
per riug pla^;ed a little below the level of the flame. 

ILLUMINATING POWBE OF SAli'llTY LAMPS. 

All safety lamps diftfer greatly in their illuminatihg power, owing to 
their various forms and the positions of the parts, and to the varied con- 
ditions under which the air tor the support of the flame is admitted. It 
is estimated that it requires eight lamps of Davy's conatruction to give 
out as much light as a wax candle, six to the pound. Taking such a 
candle as a standard for comparison, the illnminating power of some of 
the principal lamps is indicated by the figures which follow, showing 
the number of lamps required to produce i licht in cvh case equ'il to 
one candle * 
Div>'s lamp* with gau/e 
htephensou's laimp 
Upton and Robepts 
Dr Clannj's, (glass) 
Mue-jelei'o, (glass) 
Parish s lamp, with g<iuze 
Davy's lamp, without gauze 
< ommon minei's candle, 30 to the pound 

* Ironi Hunt ? editwn of Ure s DicttouWy 
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Ill order to prevent miners from opening their lamps, and tlius bring- 
ing tiie naked flame in direct contact with the combnatlble gases, various- 
plans have been devised, the most common being to lock the lamp by 
means of a screw attached to the body of the lamp, the point of whichi 
maybe made to enter and hold thebrassring by which the ganze cylin- 
der is held to the oil vessel. This is done by alieywhichflts the squarfr 
Lead of the screw. Lamps are also so made that the light is extin- 
gnished as soon as they are unscrewed, and before the body of the 
lamp and the protecting ganze are completely separated. Dubnilles'' 
self-extingnishing lamp is contrived so that the wick is turned down 
within the tnbe as" soon as the lamp and the wire-gauze cylinder are 
disconnected. 

LAIII" tINLOCKKD UY JIACiNETISM, 

One of the methods recently proposed for so locking the wire-gaiize 
cylinder to the body of the lamp that the miners cannot disconnect the- 
two parts, consists in placing a spring' bolt or catch in the interior, with- 
out any opening or other means of reaching it from the ontside. When 
the two parts are put together they cannot be separated by meclianical 
means without cutting into the outer casing. But these spring bolts 
may he withdrawn by the attraction of a powerful magnet applied to 
the outside of the lamp. 

The efficacy of all safety lamps depends, as is generally known, xipon 
the resistance offered by wire gauze to the passage of flame due to the 
cooling of the gases. Combustible gases pass fl-eely through the meshes, 
and may ignite and burn inside of the gauze-cylinder, but ordinarily the 
temperature of the gauze does not become sufaeiently raised to permit 
the flame to ignite the gas on the outside. Under some conditions, how- 
ever, the gauze becomes red-hot, and the flame will then pass through.* 
It has also been found by experiment (September, 1867) that nearly 
every lamp in use will explode a mixture of carburetted hydrogen gas 
and atmospheric air, if placed in a ciirrent of this mixture. 

In these experiments the gas was taken from a 9-iuch pipe at the- 
Oaks Colliery, England, where a current of gas flows upward at the rate^ 
of three and a quarter miles per hour. An ordinary Davy lam]), with 
the sheath outside, exploded in 31 seconds, and again in 7 seconds. 
With the sheath inside it fired the gas in 63 seconds. The Clanny ex- 
ploded in 13 seconds ; a Belgian lamp (Meuseler?) had the glass broken 
at the end of 55 seconds ; several Stephenson lamps gave difEerent re- 
sults : the flame was extinguished in a few seconds, or continued burn- 
ing tor over a minute. Three of Morrison's lamps were tested, and were 
extinguislied in 7, 54, and 60 seconds, respectively, the velocity of the 
current of gas passiug at the time being, according to an anemometer,, 
700 feet per minute. 

These experiments, or the reports of them, are very unsatisfactory, 
inasmuch as the composition of the gas is not stated, nor are detaUs- 
given of the manner in which the lamps were exposed to its action. But 
similar experiments have been continued, from tirne to time, and one of 
the latest reports of them is herewith presented. The resists, will be seen 
at a glance by examining the table :t ' , . 

''It is the opinioii of Eobert Hunt, F. R. S., that the hypothesis of cooling wi]l not 
explaiii the pfieBOimenoQ of noD-tranamiasioij of the flame. He conceives the "inipei- 
ineability of nire^uze to flfune to be due to nTepulsivepowe^ establislied b«tiieen. 
ih6 Iiut met-U and tbe iffnlted gas, similai ia character, altliongh diffeiiQg in condition, 
to itjiiit -wbich prevails oetneeii water and a wlute-hot metal," 

t Vcom, the laiudon -Jffinibg Joiu-ual, December 4, 1H69. 
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Mxperiiiwntg with mining lamj^ at Eppldon CuUierg, Neveinhe!' 25, 1839. 
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Tlve tesrilts of tlie espei'imeuta ivill "be founil to ooiTespond veiy nearly with Uiobb 
olitaiued on September 30 last, (see Mining Journal, Oct. 16,) the Davy lamp having ex- 
ploiled, aa before, with a epeed of 8 feet per seoouii. It will be seen that only the 
Davy and Btephensott lamps were tried, but the Stephensou liimpa tried are divided 
into four claeses : 

1. The original Stephenson lamp, which was in nse from tlie year 1815 up to the' 
year 1836, 

2. The impTOved SteplieuBpn lamp, then introduced. This lamp was only improved 
in order to niaJre it more portable, the weight beiug cousidevably reduced, and per- 
haps a little more light got, but it was not intended to alter the principle of tlie lamp 
. in any reapeot. It appears, however, thait thia wae done nuintentionally to-ii certain 
•extent, as a close examination of the two lamps, and a careful study of these valuable 
experiments, will clearly show. The original StephenBon lamp tried in the last ex- 
jierimenffl has a very short copper tube on the top of the glass, and this tube is only 
perforated at the top, and not at tiie aides, whiio the improved SteplieTisoii \i\t^ a tube 
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rather loiigoi- than tliat of tile old lamp, and this tnlie is perforated both, at the top 
aud sides; and this slight diifereuce in constnictiou has been shown by these experi- 
ments to be of some iniportauoe. 

3. The Stephenson lamp was tried with a tube not perforated at the sides, thns re- 
storing the lamp very nearly to its preeeat state. And, 

4. 'me lamp which was left with Mf, Haun, described as an ordinary Stepliensou, 
and stated to be very much ont of order. 

It win be Been that in tlie first series of oiperimonts shown in the table the speed of 
tie inflammable current was 8 feet per second, and the Davy lamp was readily ex- 
ploded, but the other lamps wei"e extinffnished with one exception when, lOie ganae 
exploded, " through the ganze not being in its place." 

Til the second series of experiments a speed of 11.3 feet per second, was nsed, when 
the Davy, of course, exploded, and the Stephenson lamps stood the test, and, what is. 
remarhable, were not e^ingnished, bnt remained burning in some cases. Bnt there is 
one exception to tliis, as the lamp deeoribed as the ordinary Stephenson (eiperimenta 
No. 12 and No. 17) exploded, altnough the other Stephenson stood the test, and the 
oause of this apparent anomaly appears to be obvions enongh. 

In the third series of esperimente a speed of 14.3 feet pec second was used, and the 
trials varied from S up to 60 seconds, the reaulte being that the Stephenson lamps were 
extingnished with one exception, -where '' the lamp exploded through a broken Muss." 

In the fonrth series of experiments the speed employed was 23 J&t per second, and 
the three Stephenson lamps experimented npon were simply extuiguished. These were 
the original Stephenaon lamp, and the improved lamp, one with a solid tnbe on the top 
of the glass, and another with a tnbe perforated at the sides as well as at the top. 

The experiments, on the whole, mnst be regarded as very satisfectory, as thay eon- 
ftrm in every essentiid. particular those formeriy made on September 30, and the result 
ought to inspire the public with confidence as to tiie safety of the Stephenson lamp 
nnder any circumstances likely to occnr in mines. The experiments, however, show 
that great caution and care ought to he used in the construction of tliose lamps; as a 
very slight vaiiation in the form may interfere with the principle of the lamp. The 
copper tube referred to, which is placed on the top of the glass, requires ^eat care, and 
there is no doubt that it ought only to be iierforated at the (op; and it (the copper- 
tube) ought also to be very carefully fitted to the sides of the -wire gauae and the top- 
of the same, so as to prevent any current passing betiveen the glass cylinder and the 
■wire ganze. 

Fi-om these ami other well-known facts, it will 'be seen that safety- 
lamps, in mines cootaiiiing explosive gases, afford a relative security- . 
only. Th^ was, perhaps, never more strikingly (and harmlessly) shown 
than in an incident which occurred some years ago, in Zwickau, Saxony. 
A lectorer* had heen explaining the principle of the safety lamp to a 
considerable audience, and proposed to illustrate his remarks with an 
experiment. For tliis purpose he had prepared asimple apparatus, con- 
sisting of a large glass jar and a rubber pipe w-ith a glass elbow at one 
end. The other end of the pipe was connected with a gas fixture ; a 
safety Uimp was set inside the jar, and the bent glass nozzle was intro- 
duced to the bottom of the lamp. The lecturer remarked, that, upon 
turning on the gas, au explosive mixture of earburetted hydrogen and 
common air would be formed in the jar; the flame of the lamp would 
be elongated, and a long blue tip would be seen ; then the whole interior 
of the wire-gauze cylinder would be filled with flame ; but, though the 
gauze might become red hot, the flame could not, in any case, strike 
through to the outside — all of which phenomena, positive and negative, 
would be clearly visible through the transparent jar. The gas-cock was 
thereupon opened, but instead of the i>eaceful deuionstratio]! looked foi:} 
a prompt contradiction of the theory was the result. The flame was com- 
municated almost instantly to the gas outside of the lamp. In some 
confusion, the lecturer repeated the experiment, but with the same re- 
sult ; and he finally gave it np, confessing his inability to explain the 
disappointment, except on the hypothesis of some unknown imperfec- 
tion in the Iamx>. The occurrence made a good deal of stir, pai'ticularly 
as there are many coal mines in the Zwickau district troubled with fiery 

' Mr. A. Meager, mijiing engineer. 
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gaaes, and at that time recent accidents had been occasioned by explo- 
sions in spite of safety lamps. The test was therefore I'epeated, still 
more pnblicly, npon some sixty lamps of various patterns, and it was 
found that only the old-fashioned Davy, and one other, the uame of 
which escapes ns, would retain the flame. Those lamps were fonnd to 
be particularly dangerous which possessed separate openings belovy for 
the admission of air to support the flame. 

These experiments indicate the same conclusion as was lately arrived 
at by English investigators, namely, that the strength of the draught of 
inflammable gases through a safety lamp has much to do with the de- 
gTee of its security. The Zmckau lamp may have been unusually faulty 
in conatracfcion, rather than principle; but this :^et, though it might 
Jessen the importance of these special experiments, could not alter the 
general bearing of both practice and theory on the question of the safety 
of all lamps. The principle involved is tbat of the rapid conduction and 
radiation of heat by the wire of the gauze surrounding the flame. Be- 
fore the burning gas can pass through the meshes, it is said, so much of 
its heat wiUbave been abstracted, and radiated away in all directions, that 
it will fall below the temperature of ignition or explosion. Now, this 
depends upon the amount of heat communicated to the wire in a given, 
time. The wire may get hot faster than it can grow cool again, and if 
this increase of temperature is carried to a white heat, the gas outside 
will be set on Are. But the amount of heat given to the wire in a cer- 
tain time depends again on the amount of burning gas that passes 
through it in that time, and henc£ it is clear that a strong current of 
gas may overheat the wire and cause an explosion. The Davy lamp is 
]iot constructed to favor a strong enirent. Indeed, one complaint of it 
has been the feebleness of the light, from insufficient air. It appears, 
however, that attempts to remedy this deficiency are fraught wilii periL 

We desire to call the attention of engineers to the great simplicity 
and conclusiveness of the test above described, and to urge that it be at 
once applied to the lamps of every mine. There can be no harm in 
knowing whether the lamps will do what is claimed for them. It is true 
that conimon illuminating gas forms with common air a more explosive 
mixture than does the flre-damp of mines ; but the severity of this test 
ought to be nothing against it, so long as any lamp can be found to 
bear it. 

In the general dissatisfaction with the use of safety lamps, which 
spread through the Zwickau district after the experiments alluded to, 
a new and bold plan was suggested, and ha« been carried out in several 
cases with the best success. This was nothing more nor less than to 
burn naked lights in jp-eat numbers wherever inflammable gases made 
their appearance. Some of the workings pi-esented, under this system, 
an unwonted appearance. In one case, the .flre-damp could be heard 
streaming out of the flssures of the coal,, with that peculiar humming 
sound which the miners know so well and fear so greatly; the innumer- 
able lights carried each a long blue tip— the usual signal of danger — yet 
no harm occurred. The gases were quietly consumed as fast as they 
entered the mine, and the illumination was carefully kept up, night and 
day, Sundays and between shifts, that no opportunity was given for an 
accumulation of explosive material. 

The great difficulty of this plan is Its direct injurious effect on venti- 
lation. The stationary lights with which the mine is crowded, in addi- 
tion to those carried by the workmen themselves, must necessarily use 
up a good deal of oxygen, and itroduce a good deal of carbonic acid. 
But this is an evil which can be combated in other ways and, at all 
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events, it is preferable to tbe danger of explosiou. Perhaps it miglit be 
an improvement to use safety lamps instead of naked lights, hansing 
them in great nnmbera along the walls, so as to secure the complete, 
quiet combastion of the gas. But it must be confessed that, even under 
circumstances of the greatest danger, the naked lights have done very 
■well, and no accident, so far as we are aware, has ever resulted from 
their use in this way. 

Propositions have been made to explode the accumulated gas in work- 
ings before the workmen are allowed to enter it. In a rude way, this has 
■frequently ,'beeu done in fiery mines ; and to remove all personal danger, 
it is now suggested that the explosion bte effected by means of a battery. 
But this whole system of allowing the fire-damp to accumulate while the 
workmen are absent, and then firing it off all at once, strikes us as much 
inferior to the simple expedient of burning it gradually, as above de- 
scribed. 

PIRES IN MINES, AND THE MEANS OF BXTIN&UISilING TIUSM. 

In spite of all pi-ecautions in the way of proper ventilation and the 
careful use of safety lampsj fires will sometimes occur, as many mining 
. communities have had terrible opportunities of knowing. The methods 
employed for extinguishing them are therefore worthy of notice. On 
this subject I cannot do better than quote the excellent essay of Mr. 
E. P. Bothwell, of Wilkesbarre, Pennsylvania, which appeared last 
summer in the New York Engineering and Mining Journal: 

Talimg acooiint of tlie Datnre of the minei-al, we are not surprised, that fires should 
1)6 ninoh more fi-eqiient and dangerous in. coal than iu ore miues ; they are, however, 1>¥ 
no means confined to coal or lignite deposits, but may aud do occur in all kinds of nuclei'- 
ground workings where timber is used. In the great majority of eases fires originate, 
below as above rax>and, through carelessness or imprudence. A minor will lean his 
lighted candle or lamp in such a position that it can ignite a prop or other piece of tim- 
ber. Sneh appears to have been the case in the recent diaaetJona fire in tlie Crown 
Point, Kentuok, and Yellow Jacket mines. The careless or Impmdent hanging of a 
grate or flre-pot near the coal at the foot of onr downcast shafta or slopes (where i6 is 
placed in winter to prevent the pumps and rods from being covered with ice) haa been 
the canse of fires in several of our anthracite mines. Ignorance of, or inattention to, 
the proper manner of constructing ventilating fumaces has also been a frequent cause 
of fires in coal mines, but probab^ the most fruitful cause of these disasters is the igni- 
tion of fire-damp, or carbureted hydrogen in coal mines ; the ignition first produces 
explosion, and in mines yielding an inflammable coal it frequently ignites the fine par- 
ticlee blown about in a bnmiug atmosphere, and these oommunioate the fire to the solid 
ooaJ of tlie pillars; or the gas may continue to burn at some "blower" tiltit has ignited 
the coal in which the fissnie or vent occurs. These BO-caUed " accidents'^ are generally 
dne to carelessness in the use of ''open" Iwhts, or in the opening of safety lamps in 
places where the gas exists in quantity. The practice of blasting in coal mines, which 
produces large g^nantities of the dangerous §;as, has also caused a great numboi of de- 
plorable explosions and fires; and the question of substituting some other agent, sucb 
as water, wedges, &o., for powder iu mines of this kind, is now receiving much atten- 
tion among European mining engineers. "Fiery" roines, such as those iu the Bicli- 
mond (Virginia) bituminous basin, would be greatly hen^ted by the sucoessflil snb- 
stitution of a safer agent for the powder now used, where rock or haxd coal has to be 
mined. In our anthracite mines tlie hardness of the coal would render the use of pow- 
der more necessary, whOe the smaller quantity, of fire-damp found in it would, at the 
same time, make Uie substitntion of a safer agent less desu'able. Tlie exercise <tf 
greater vigilance in the inspection and use of safety lamps would, doubtless, greatly 
diminish tlie number of explosions and fires in ooal mines. 

Many bitnminons coals, and bitnminous shales which are found among the coal beds, 
are, under certain circumstances, subject to "spontaneous combustion." This always 
ocoura where the coal or shale is orudiedin a confined space with an exceedingly feeble 
ventilation; indeed, spontaneons heating of the coal, accompanied as it is, by an abun- 
dant production of carbonio-acid gas, was generally attributed to the decomposition of 
iron pyrites (sulphuret of iron) under the infinence of the moisture in the air, and a, 
dronlation of air so languid as not to dissipate the heat generated, while sufficient to 
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supply the oxygen necesaary to support combastiou. It lias, however, heon ohaerved 
tbat the eoals producuig the ereatest quantity of pyrites are not always the most sub- 
ject to ieat spontaneooaly, while it Ims also been noticed, that the most inflammftble 
ooala are tliose containing the largest proportions of oxygen ; it has, conseciuently, been 
suggested that the more probable canse of spontaneous combustion may be the eom- 
biualion of oxygen with the carbon, under the inftnenoe of moisture, anil -whioli ia 
accompanied by the generation of oarbonic add and a considerable amount of heat. In 
tbe coal mines of SHesia, where cases of spontaneous combustion are of fteqnent occur- 
rence, numerous observations have demonstrated tliat this class of aceidente need not 
be feared where the "roof" of tlioTein is either sandstone or conglomerate, nor near the 
outcrop, whatevei: the natureof thetflprockmay be; on the oUier hand, beds worked at 
a considerable depth, or even when moderately near tiie aurfece, but covered by & shale 
capable of being softened by moisture, are the most liable to spontaneous cojubristion. 
It was long considered in Silesia that the only means of preventinR fires fii>m this 
cause, consisted in sending all the fine coal, "waste," or "gob," out to the surface. This 
was often Impraotioable, expensive, aud not alwajs effectual ; hence other means of 
attaining the same end were sought for. Since it is well known that combastion can- 
not exist when deprived of oxygen or air, one means of preventing spontaneous com- 
bustion consisted m isolating the working places, or goaf, by means of a heavy dry 
wall, or by two parallel weJIs filled in between with clay or other material packed 
hard, and sometmies a heavy pillar of cflEil was left for the same purpose. In each 
case, however, the weight of the superincumbent rooka almost invariably crushes the 
walla or pUlara, and produces cracks or fissures, through wliich air, sufHcientto sustain 
tlie slow combustion of the coal, can pass. This method has been employed with 
greater or less sueeeaa in aome of the mmes in the centre of France, and in the thick 
seam of Staffordshire. It is evident that wh6a nsed the potest possible care must be 
taken t-o keep the fissures closed, which are found from time to time, so as to seal her- 
metically the space inclosed. But besides the practical difficulty in effecting this, the 
faet that these molosed spanea generally fill with flte-damp, and therefore form verita- 
ble magazines of a anhatanoe fc more dangerous than powder, and which, through 
the crushing of a wall or pillar, or the fall of a portion of the roof, may at any moment 
be brought m contact with the lights of the men working in fancied security in the 
neighboring roada or chambers, is a so^cient reason for condemning so dangerous a 
system as that of isolation of the "goaves" by "pack walla." 

The spontaneous heating of coal is so slow a process that the increment of tempera- 
tare ia easily carried off' by a moderately rapid current of air ; we can thus prevent the 
tem]>erature from ever rising to the point of ignition, by simply ventilating the "goaves;" 
this, then, ia the exact opposite of the last method, and though much siffer and fully aa 
practical, yet very serious objections can be made to it. It is all but impossible, 
owing to falls, &o., to keep the "goaves" sufflciently open to maintain theneeesaary 
circoEifioii of air, and the expense erf clearing up falla and opening the old workings, 
where obatmcted, is so great as to render this method impracticable in many cases. 
The system ia, howevfr, more or less anoceasfaJly used in many mining diatriets in 
Eogland, Silesia, dec. There now remains but one other method to desonbe, and it is 
liy fiir the safest and most efScient in the prevention of danger by aooutaueons com- 
bustion. It consists in fiUing or packing with earth and other material sent downfirom 
the siir^e the apaeea from which the coal has been removed, and which the waste of 
the mine does not fill. This method, though somewhat expenaive in large seams which 
make but little waste, is assuredly the most effectual remedy, since it not only pre- 
vents the admission of air to the old workings, and tJierefbre does away with the ex- 
pense of ventilating them,i)ut it prevents the fyis of thereof, in whioh ''blowers" are 
frequently opojoed, and renders impossible any accumidatiou of fire-damp, which is the 
great source of danger in the method of iaolation by pack- walls, &c. Thus tliis method 
not only raocures perfect immunity f I'om danger by Bpontaneous combustion, but the 
system of mining of which it is the principal reatiice enables us to obtain all the coal 
of the Tein. It is, therefore, not only the safest, bnt also, as r^nids the amount of eoal 
obtadned, the most economical, metliod now in use. and it is deservedly popular in 
Europe, and more especially in France, Belgium, and Germany, where it has been em- 
ployed for a number of years, and has uow taken the place of every other 8yst«m in 
most of the coal mines. 

Wliatever precautions may have been taken to prevent fires, yet the carelessness, 
ignorance, ajjdflometimes the mfllieeof men are causes which cannot always be effect- 
ually guarded against ; hence we must be prepared to meet the danger of fire when it 
occurs, and to apiiiy pi'mxptly the moat suitable means for its extinctmn. 

When a fire originates in coal or timber, evei'y effort should be immediately made to 
extinguish it bytorowing wuteron it either with buckets, or, better, with a fire engine ; 
or where practicable, by tapping the oolninn-pipe of the pump and leading the water 
through hose to the seat of'the conflagration. In some oaaea Jhe use of portable "fire 
extinguishers," (which generate carbonic acid gas,) such as are now found in every 
village of the land, may prove of gieat service. If the fire ori^iiates by tlic ignition 
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of a blower of flre-fiamp, efforts shonld be made ■with wet doth, water, &,o., to pat ont the 
flame ; iu some cases 'where these means fitiled, the flaine has heea eKtingnisIied by the 
cononsaion of the air, cause*! by diseharging a cannon in the gallery where the fire ex- 
ists. When the coal suiToundmg the " blower" has already heoome ignited it wiU im- 
mediately re-ignite the flre-dnmp; so that this method can only he applied either 
where the blower is in rock or where it has not had time to thoroughly ignite the coal. 
WhOe these means are being applied, preparation should be made for erecting stop- 
pings or dams, in view of the fiulure to extinguish tlie Are by the direct means; yet these 
should not he abandoned till there is no further possibility of success. When it is no 
longer possible to approach the fire near enonjjh to throw water on it — that is, when 
thefiie can no loQger be kept under control— jt becomes necessary to resort to other 
methods of extinction, ■viz : 

By isolating the part of the mine on fire, and then applying extinguishing agents to 
the part inclosed. When this fiiils or becomes impracticable, there remaiue bnt one other 
method, via ; 

By closing the entire mine, and applying the saiikB extinguishing agents. 

These aeents are water, carbonic acid, and nitrogen gases, steam, or any other gas in- 
capable of snstaining combustion ; those mentioned being adopted on account of their 
effeotiTeness and small cost. 

The isolation of a fire in a mine is effected by constructing ■waUa or stoppings across 
all the ^lUeries or other openings which connect this portion with the remainder of the 
mine. These stoppings are sometimes walla of brick or masonry, varying in thick- 
neM from 1;welve inches' to six or eight feet; at other times two I^hter parallel walls 
are bnilt, and a onrrent of air allowed to circulate between them xa order to keep the 
inner waJl cool, or else the space between the walls is filled in with clay and mine- 
waste ; while still another method is to make a stopping, several yards in thickness, 
entirely of clay, waste, &c. In cases wliere it can be done withont danger, a tunber 
stopping or even a simple board bratticing cam be adopted ; the kind of stopping as 
vdtl as its strength will depend on the position of the fire, its extent, the presence or 
absence of fire-Sunp, w^hether the stoppmg is intended to dam back water or not, and 
snch like considerations, which under iJie enunciations of fixed dimension, are hiiprac- 
ticable. The essential in every case is that the stopping should be m)'-tigkt, and that it 
should be constmcted with the least possible delay, and at snch a distance from the 
fire as to allow time for its completicni, before the smoke and irrespirable gases pro 
duoed by tlie fire can prevent the men from working. 

Notwithstanding that the ventilation of the part on tire has been rednced to a mini- 
mnm by the erection of temporary bratticing, &c., yet the combustion of the coal 
and woodprodnoes such enomions volumes of irrespirable gases that the work of build- 
ing the stoppings is one of great difflculty and danger, more particularly in mines pro- 
ducing fire-damp, where the danger ii'om explosion is stiD greater than tliat ftom the 
gaseous products of combustion. 

It is evident that the stoppings can be constructed with least difBculty by commenc- 
ing witli those on the "mitside^' of the fire, or the side from which the air proeeeds to 
the fire, and affceiTwaid building those " ineidB " the fire, or where the air comee fi'imi. 
-the fire; yet in mines yielding Sie-damp this method xtf proceeding is attended with 
great danger ; the fire-damp mixing with the air confined between the stopping and 
the fire makes an explosive comjiomid, ■which is carried forward toward the lire, where 
it ignites, and thciugti it may not cause a fiital accident, yet it almost invariably throws 
down the stoppings by which it was sought tx> isolate the files. As from one-tenth to 
one-seventh of its volume of carbonic acid, added to an. explosive mixture of air and 
fire-damp, renders the latter entirely iaespl09ive,{» larger c[uantity renders it incapable of 
sustaining combustion, ) ajid as the products of combustion are carbonic add and mtrogen, 
it follows that by closing first the galleries on the side toward which the air from the iire 
goes, we prevent the danger at exptosioa by mixing carbonic acid -with the air con- 
tained between the stopping and the fire, and bj; throwing the smoke and irrespirable 
gases back oc the fire, we go fin toward extinguishing it. It ia tme it is a matter of 
great danger and difficulty to bnild stoppings between a fire and the " retnms," but 
by the ■nse of temporary bratticing and by commencing at a sufficient distance fium the 
fire, it is often practicable, and it , is always desirable. Where it is impossible to build 
■the stoppings in this order then, when ptactioable, it woiild be advantageous to inject 
carbonio acid gaa, or choke-damp, (through a pipe in the stopping,) from the moment 
the latter comes near completion, so that the air contained between the Bto;^iitg and 
the fire may not become explosive. We apeak, of course, of mines yielding fire-daanp. 
Where carbonic acid is not available, it will somethnes be possible to n^ect steam, 'whiah 
will not only deaden the fire, but will, at least, diminish the intensity of the explo- 

The stoppings completed— and where there is no danger from explosion or need of 
inundating with water the part onfire, there is no necessity for making them heay^ — 
■we proceed to fill the part inclosed with carbonic acid gas, witli choke-damp, with 
steam, or with water. In the first ciise the carbonic acid can be mauufaictured either 
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le of any etroug ai^cl, sucli 3B eulpliuric or muriatic acid iHid 
...... .._„ rf tlie carbonates o£ lo'w price aiiil eaaily d6compi)aed. TMb, 

is easiest prepared m a lead vessel, -wliioli ia uot attacked by tlie acid. Where the 
apace to be filled la not great, aome of tlie uiuaerona patent fire-extiugidtiliers might be 
foimd of service, aa being c[uicMy and easily brongbt into action. Theee methods have 
the advantage oi snpplymg the gaa at a low temperature, and thereby ^dlitating the 
cooling of the rooks alter the flame is extinguished. If the oiroumHtanoes are such as to 
make me nse of choke-damp — that is, a mixture 6f oarbonic aoid and nitrogen — advisa- 
ble, it can be produced in one of the fiimaoes of wluoh drawings and partjcnlais are 
giv^n below. In either cose, aa oarbonlcacid and choke-damp are both heavier than 
air, it fbllows that the tube through which we admit these gases shonld be at tlic 
lowest, and that through which the air fcom the. inclosed space is allowed exit should 
be at the highest attainable point of the isolated workings, and the admission of the 
gases should be continued tUl it is evident they have completely filled these worlts. 
This is easily proved by their instantly estingtushiug lamps, burning tow, &o., at the. 
outlet tube. The tubes should then be closed, leaving only a siphon or water-gauge to 
mark the difference in pressnie between the inside and ontaide of the atoppings, and a 
place for the introduction of a thermometer used to note the variations in temperature, 
ao aa to know when it wiH be safe to open the stoppiugs. ITie greateat.care should be 
taken to' keep the stoppings air-ti^t ; they sUonId be trequently inspected, and where 
from any reason it isfounddeaiiatue to 'f drown out" or inundate the part on fire, they 
fihouldhaveatliickness proportionate to the bead of ■water they will "have to retain. 

"When the fixe has assnined sireater dimensions, or when its position is such that it 
becomes dangerous or impossible to coufine it by stoppings such aa we have described, 
it becomes necessary to abandon the entire mine and to resort to closing the shafts. 

Even when it is decided to inundate tlie mine, it is always advisable to close the pit, 
whether the mine produce carbnretted hydrogen (flre^mp) or not, since by so doing 
we deaden, at least, the oombufltion, alul prevent, in a great meaaure, the damage al- 
ways caused by tlie high temperature prodnced by a rapid cmnbnation. Tlie shaft 
Bhonld, therefere, be immediately dosed hermetically, jn-ovision being made fbr open- , 

3 through which a registering tliermomster can be introdnOed, and a bent pipe, or 
on, containing water, to show the preesnre behind the stopping, and prevent its 
becoming excessive, while at the same time it prevents the admission of iireeli air. 

The closing of the abaft may be effected by hanging heavy pieces of timber, by 
means of chains, some distance down the shaft. On the platform thns made clay is 
tlirown, and poeka iteelf by tie force of the fall, thua rcnderinglthe stopping perfectly 
au'-tight. ' The tubes above mentioned abonld be inserted, and one siphon should be 
so arranged as to allow the water to dow down the shaft, instead of acciunnlating 
above the stopping. Where the pit is divided into a number of comi>Mtmeiits, it be- 
comes difficult to close it perfeotlj in this way. The mouth of the pit is then covered 
over with planka or iron doors, and day, sand, &c., packed on this, every crevice being 
carefully closed. Great attention mnst be paid to this, more partienbffly in the case 
where it is desired to "smother orit" the fire without the injection of steam or car- 
bonic aoid, otherwise a qnantity of air may enter, which, though insufHoient to main- 
tain an active combustion, may yet snfflce to snpport a slow nre, or, at least, greatly 
increase the time necessary for its complete extinction. 

Where the mine does not produce flre-damp, there is no great danger in closing tlie 
pit, but if that gas is given- off fn amy considerable quantity, the closing of the pit is 
.sometimes attended' with great danger, there being a certain time after the closing 
when the quantity of atmospheric air is snfflcient to make an e^loaiye mixture with 
the gaa from the mine. After a time, the qnantity of air, or rather oxygen, is dimin- 
ished by that consumed by the fire itsel:^ and the incombustible gases produced by the 
coinbustjou, mixing with the fire and flre-damp, soon render the oonipound inexplo- 
sive. In such mines it ia highly desirable to inject steam alone, or, better, steam and 
carbonic acid, into the downcast from the earliest practicable moment^ so aa thereby 
"to diminish, as far as possible, the cbance of explosion during the operation of closing; 
and it should oontinne to be ii^ected after tlie stopping is made till the mine is com> 
■pletely filled, which can be known by the air issuing from the upcast extjngnlshing a 
lighted lamp, &,o. It is almost needless to add, that great care should, be taken, and 
no open liglitB allowed near the shaft when there is any possibility of flre-damp exist- 
ing in dangerona quantity. If the mine dooa not piwluce that gas, the immediate ad- 
mission of choke damp is not so necessary, thongh it is always desirable as checking 
the spreading of the fire. 

As the migority of fires occur from explosions of fire-damp, it follows that in most 
oases the air doors, brafcticiug, and other divisions necessary to guide the air current 
through the mine, are destroyed. It is then difficult to ascertain if the oarbonio aoid 
has gone into every part of the mine, or whether a large Bmoiint of air mas not yet 
remain in tlie workings; tills should be carefully considered in deciding on the nieana 
to be adopted to extingui^ tlie fire, andalao, in fixing on the time for reopening the 
pit. Not a feiv of our fatal accidents oocurriug from cxploaions were ca,used by re- 
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opening the mine too booh, or before the coal had time to cool down helow the tem- 
perature at whioh it will ijfnit^. In some oases, it may even be coiiBidered safest and 
most economical to fill the mine with water. Tliis decision must be token only after 
a careful consideration of the position of the fire, the amount of water needed to fill 
the works to the depth required, the time neoessar; to pump in tliat water, the natnie 
of the roof and coal in the works, and the effect which a longer or shorter inundation 
would have on them, the iaoility for getting the water out, &c. The inundation of a- 
mine is always an expensive expedient. And should only lie iulopted as a last resort ; 
yet there are cases where it is undonbteflly the best method to adopt. Each case re- 
quires a spebia] study, and the method wblob miffht be the most suitable in one may 
not be adapted to ftuother. The ^raat sourcceof expensein inundating a mine are the 
damage caused by the water remaining for any length of time in the works ( with cer- 
tain kinds of rocks — some slates and fire-clays especially,} the falls of roof, causing 
delay and expense, antl the delay and cost of filling with and pumping out the water.. 
And in coal subject to spontaneous combustion it not nnil^qnently haiipens that when 
the water has been pnmped out, the wetting oi the " gob," or " waste," causes it to 
heat, and even to ignite, before the ventilation can be fully re-established. Every 
other meaus should in genei'al be tried before inundating the mine, and the most effi- 
cient of these various means are tbe introdnclion of steam, carbonic acid, {cboke-damp,> 
and after-damp, which is a mixture of nitrogen and carbonic acid. Steam is available 
at almost every mine, and is easily applied : it shonld be carried in pipes,' and dis- 
charged as near the seatof tbe fire as possible, in order to prevent its condensation; 
it is a very eflSoient extinguishing agent, and from the facility with which it can be 
employed, it is now commencing to be much used; in majijr cases, a rabber hoee, made 
eapeoially for a st«am hose, is all that is required te carry it for several hundred feet, 
and it will last as long as the occasion requires in most cases. The greatest disad- 
vantage in the use of steam is its energetic action on some rocks, cansing them to dis- 
integrate and " fall ;" but where the roof is such that it is not materially injured by 
steam, this is one of the most convenient, and it is always one of the most effective ex- 
tinguishing agents we can use. Its action is limited to the expulsion of the air, and 
as it maintains a high temperature we are generally obliged to inject water, in order 
to cool the rooks stSlciently to allow the men to work, and also to prevent any possi- 
bihty of reignition. The following example of its application will prove instroctive : ■ 
In 1857, at the St. Mathew mine, near St. Etieune, tirance, steam was injected alter 
the mine had been on fire for eight days ; this was continued for seventy hours, after 
which oold water was injected for three days, in order to cool the sides of the abaft, 
galleries, &c., previons to descending into the mine. The pit was then opened, and a 
current of air circulated while tbe men went down. After two days, however,, the 
mine again caught fire, and it became again necessary to close the pit. Steam was 
tbcn injected daring twenty-four hours, and, after an intermission of eighteen hours, 
c;old water was injected for twelve hours. The fire broke out a third tini-*. and steam 
was admitted for eleven hours, then oold water, after which the men were enabled to 
enter, and extincnish the fire completely by throwing water on it. I believe the same 
process was employed at the YoUow Jacket and Kentnck mines, on the Comstock lode, 
which wei-e on fire a few months ago. 

The application of carbonic acid or eboke-damp and after-damp is more complicated 
than that of steam, since the materials for its manufacture are not often on hand. The 
most usnal method of manufacturing carbonic acid is by means of cbnlk or limestone, 
or any cheap carbonate easily decomposed, treated with one of the cheaper acids— ae 
sulphuric, nitric, or hydrochloric. The gas produced in this way has the advanti^e of 
possessing a low temperature ; it not only extinguishes the fire but tends to cool the 
rocks to a point below the temperature neeessMy for ignition. Portable machines, 
known as "tire extinguishers," are convenient means of manufacturing this gas where 
tbe quantity required is not very great, and they aro to be found everywliere, at a 
small coat, and are always ready for use. Where tbe quantity of gas required is very 
lai^e, as, for example, in filling a mine, one of the cheapest and most eonvonient 
methods of producing it is by the combustion of coke or charcoal in a furnace of suita- 
ble form, and, as it was the means adopted in the first application of "after-damp" 
or carbonic acid to the extinguishing of fires in mines, we wiU devote some apace to 
it, especially as the credit of the invention is commonly misapplied. The first appli- 
cation was made by M. Jules Letoret, in Belgium, in the year 1844. Five years 
later (18^) we find the same principle applied in England by Goldaworthy Gurney, 
who takes credit himself for the invention, and is even at the present time credited 
with it by nearly all the English engineers. It is scarcely possible that Mr. Gnmey 
could have been ignorant ot M. Letoret's invention, for we find him perfectly 
"posted" on the application of his steam jet in the Belgian mines, about the same 

On the 15th of February, 1844, a fire occurred from an explosion of fire-damp in the 
No. 3 shaft., Agrapi>e colliery, near Mona, in Belgium ; the pit was 1,171 feet deep, three 
veins at different levels beiug worked. Efforts were made to extinguish the fire by 
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throwing water on it ; liut it liad a]rea<ly made too great progress, tlie freq^neiiteK 
plosions of fire-damp having Ijecome very (Lingerons. . It waj then decided, to reverse 
the ventilating current iu order to prevent the fire fl;om destroying the pumps. M. 
Jules Letoret then prepared to introduce carbonic acid into the works, that gas having, 
as we have already stated, the properly of rendering harmless an explosive mixtare 
of carbureted hydrogen and air, i£ only added to it m the proportion of oue-tenth to 
one-seventh. Several experiments were raatle fiir the mOnnhictnro and introduction of 
this. gas — the first on the l7th of Febrnary, 1844, The effect of the gas was to reduce 
the nomher and violence of the explosions, but the fire still continued to bnm at the 
foot of the shaft; the pit was not perfectly closed at the time. On the 23d of February 
M. Letoret huilt a :^mace, intended to produce oarbonio acid, iu a continuous manner, 
from the combnstion of colie ; the shaft was closed hermetically, leaving only openings 
for the introduction and outlet of the products of eomboslaou. This apparatus is 



shown in the accompanying figure, and is of sn simple 




Jjetoret'a Furnace for mauulactuimg After-damp, 1B44. 
a. — Aah-pit. d. — Fire-plj 



consti-uction as to require 
little explanation. The fur- 
nace was charged with burn- 
ing coke and diarcoal to the 
depth of 17 inches, that 
depth being found sufficient 
to cousome all the oxygen, 
ill tlie ail passing through ' 
tJie fire, and to produce car- 
bonic add and nitrogen, (a 
greater depth of Bxk win 
produce at tUe same time 
carbonic oxide;) and as this 
gas issued from the furnace 
at a high temperature tlie 
reservoir of water. A, was 
inserted through the stop- 

{ling, 80 that the gasas niiglit 
)e cooled and prevent any 
chance of igniting the wood- 
work of the shaft. When 
tlie apparatus was set to 
work on the 34th of Febru- 
ary, the fire was visible at 
the foot of the shaft; on the . 
3&th the fiames aud explo- 
sions hud ceased; the iatro- 
[i™i fli<'*'"i ^ " after-damp " 
. was then stopped, and fresh 
air was allowed to enter tlie ■ 
was discovered, quite red. 



Pipe eimjraa gas into tba pit / 
ban auppurUBg e. i- ^ — ^- 

mine; but on descending . — .. — „_ — — 

but with little flame. The work of clearing out the gallery leading _ 

menoed, in order to he able to throw water on the fire ; but the barometer indicating a 
diminishing atmospheric pressnre, the tear of fresh discharges of carbureted hydrogen 
induced the abandonment of th6 mine, into which carbonic acid was again introduced. 
On the' 38tli, the flame and explosions having again ceased, fresli air was readmitted, 
and on entering the mine walir was thrown on the tire by means of fire-engines ; tim- 
bers were set, fliongh with ditHoidty, on account of the lugh temperature, ajid heoause 
the rocks, decomposed by heat, disintegrated and fell when water was applied. This 
■work was continued to the 3d of Maroh, when the fire was entirely extiiiKuished and 
the rooks cooled down, The roof had fallen to the depth of asteet. Thns a fire which 
had threatened to destroy the mine, or at least to prevent its working for months or 
years, was completely oxtii^uished in the course of ten days. 

The above particulars, ta&nirom a "Memoire" by M. Jottrand, in the "Annalesdes 
Travaux Publiques de Belgique," though veiy brief, are yet sufficient to show tlie man- 
ner of operating in such oases, and to estahhsli M. Letorot^s chum of invention of this 
method of extinguishing fires in inines. 

I sImU now describe Mr. Gurney'a fhraaoe aud manner of. operating. The full par- 
ticulars are given in a parliamentary report on aecidente in coal mines, 1849. 

The drawuig on page 641 shows the arrangement of the apparatus. ' The fiimace was 
four feet square, the ash-pit air-tight, and the pipe leading from it thirteen inches in 
diameter.-. TUis pipe plunged into a tank of water, B. In oi-der to cool the gas be- 
fore entering the mine the air was drawn through the fire and foreed into the pit by 
means of tliree steam jots, E E E, working with a pressure of froin thirty to fort^ 
pounds of steam" in the boilers. 

The fire which called this apparatus into nse occurred in the Astley pit, (390 ffeet 
deep,) near Manchester, England, on the ad April, 1«49. The mine being very flwy, 
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tliere were great feara of au esplosion. The engiDcer in charge, Ml-. Darlington, wrote 
to Mr. Guruej — well known from his application of the steam jet to mine Tentilatiow — 
to know if there was any means of " drawing fire-damp out of a; closed mine without 
letting air in." Mr. Gumey, in hia evidence before the parliameataryoommittee above 
referred to, says : " An idea struck me, (from ezperimente I had. made in passing ail 
througli a dosed veaselmnning through the fire, where I found ttie whole of the oxygen 
to be combined, and nothing going ont but nitroeoa and carbonic acid,) if we made a 
large fiirnace and connected with the ash-pit, pedbctly air tight, a oj^inder, and put a 
steam jet in the ^linder, we might draw air tiirough. tfie fire and drive nitrogen into 
the mine." Mr. Cfiimey found that passing air throagli afire 18 inches deep would con- 
sume the whole, of the o^gen of the air ; M. Letoret Immd 17 inches Hufrloient. It is 
evidently desirable that Idie depth of thie fire ahnnld not much exceed that necessary to 
fiffeot the complete oombnation of the oxygen and the formation of oarbonio acid ; for 
when it is increaaed a portion of the carbouio acid takes up another ec[uivalent of car- 
bon and forma oaibonic oxide, agas which, though incapable of sustaining combustion, 
being iteelf combustible, would not act as energetically aa the carbonic acid or nitrogen 
iu preventing explosion or combnation. 

After ii(|ecting this after-damp (mixture of about four-flflilis nitrogen and one-fifth 
carbonic acid) into the pit for two hours, a little white cloud coming out of the upcast 
showed that the mine was fiill, which fact was easily proved by the gas coming out Of 
the pit extinguiahing barniug tow, &o. The quantity of gas injected was estimated at 
6,00U cubic feet per minute, aiid the operation was continued for five or six hours after 
the gaa commenced to come out of the upcast. Tlie fire was then drawn and fresh air 
forced through the mine by the aame pite. After two hours and twenty minutes the 
cloudy appearance at the upcaat diaa;^peare(l, and a lamp would bum iu the gas com- 
iug otit. The fire waa found to be extinguiahefl, though it had been burning for nearly 
two weeke before commencing thie qperatiou. The exjienso of tlie apparatus was esti- 
mated not to exceed five to tm pounds. 

In a fire which occurred about two months later (Junej 1849) iu the same pit, Mr. 
Darlington applied oarbonio acid made iu the wet way — with limestone and sul^Luric 
acid. The fire in. thia caee was walled off and the generating apparatua placed in the 
lower goUery, and a quarter^tnoh steam jet placed in a pipe inserted through the 
stopping in a higher gallery. Mr. Darlington says; "We commenced injecting car- 
bonic acid through the four-inoh pipe at S a. m., and at 5 a. m. the meu were at work." 
Of course the fire was a fresh one, or the rocks woald not have had time to cool iu Uiat 
time. The expense was &om £10 to £15, or more than that for fillins the entire mine 
with after-damp in the iirevious case, where the gas was made with " charcoal, the 
waste coal round the pits, and a little limestone." 
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SECTION IV.— BEEAKING, CRUSHING, AND GRIND- 
ING ORES. 



CHAPTER XV. 

BREAKING AND ClU:sniNG. 

Ores which reach the surface iii large solid blocks require to be broken 
into fragments that can be easily handled before they can be placed in 
machines for reducing them to still smaller fragments, or to powder. 

The sledge is the simplest and most common tool for this purpose ; 
and it is followed by spalling hammers, until uoiie of the fragments 
are much larger than the flst. Until within a few years this was the 
common and only way of breaking up ore into sizes suitable to be fed 
into the mortars of stamp-batteries, and it is still used where only small 
quantities are to be broken, and the extent of the operations do not 
justify the expense of obtaiuiug suitable machines for the purpose. 

HBATy STAMPS, 

The first attempts upon the Pacific coast to substitute machine for 
baud labor in spalling ore were in the direction of stamps of unusual 
weight, raised by cams to a height of four feet, and allowed to drop upon 
the ma^s of rock to be broken, Stamps of this kind, either single or 
two in a battery, were placed at the superb mills erect€d near Aurora, 
at the Real del Mont«, and at the Antelope. They weighed 2,000 pounds 
each. There were no mortars, but a solid bed or anvil was surrounded 
with massive grates, made of bar iron, through which the fragments 
could drop, Masses of ore, from one to two tfeet in diameter, could be 
rolled in aud subjected to a succession of blows. The two heads could 
break up about two tons an hour, but with an enormous expenditure of 
power, as is evident when we consider that for each blow a ton weight 
of stamp was to be raised fonr feet, and also that the smaller the mass 
to be broken the greater was the force of the blow. Thus when a mass 
of quarts, say six inches iu height, lay upon the anvil, the stamp fell upon 
it from a height of three feet six inches ; but when a block two feet 
high, which needed a much harder blow, was upon the anvU, the stamp 
fell only two feet. Similar stamps were in use at Washoe and at Vir- 
ginia, but were soon abandoned because of their manifest defects and 
cost. 

BLAKE'S BOOK BREAKER. 

The machine for breaking up rock now most in use is the invention 
of Mr. Eli Whitney Blake, of New Haven, Connecticut, and is gener- 
ally known as Blake's Rock Breaker. It was designed at first to break 
up trap-rock into fragments for macadamizing roads. Its value for 
breaking ores into sizes suitable for feeding to stamps or jigs was quickly 
seen, and in 1S61 it was introduced into California, Its first operation 
in the mines was at the Benton Mills upon the Merced River. The ore 
12 m 
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delivered there from the Pine-tree vein is noted for its hardness aud mas- 
sive character, and it required the constant labor of thirty Chinamen to 
spall enough to keep the stamps supplied. The same and a greater 
amount of work was better performed by the machine in a few hours, 
and effected a saving of seveuty-flve dollars a day, when sufficient rock 
was famished to keep the machine running. Prom that time it has 
been extensively used, and is recognized as an indispensable a<^juiict to 
every well-appointed stamp miU. 

The general construction of this machine has been rendered familiar 
by numerous figures and publications in the United States and in 
Europe. It consists, essentially, of a strong iron frame, supporting up- 
right convergent iron jaws, actuated by a revolving shalt. The stone s 
or masses of ore to be broken are dropped between these jaws, and a 
short reciprocating or vibratory motion being given to one or both of 
them, the stones are crushed, and drop lower and lower in the converg- 
ing or wedge-shaped space, until they are sufficiently broken to drop out 
at the bottom. The size of the broken fragments may he. regulated by 
increasing or diminishing the size of this opening between tJie jaws. 
But the construction and operation of the machine will be made more 
clear by the inspection of the annexed figure, accompanied by a de^scrip- 
tion In detail of the various parts. 

This figure is a sectional side view or elevation of the machine, rep- 
resenting the parts in place as they would be presented to. view by 
removing one side of the frame. The parts of this figure which are 
shaded by diagonal lines are sections of those parts of the frame which 
connect its two sides, and which are supposed to be cut asunder in 
order to remove one side and present the other' parts to view. The 
dotted circle D is a section of the fly-wheel shaft ; and the eirele E 
is a section of the cranb. P is a pitman or connecting rod, wiiich con- 
nects the crank with the lever G. 'Ibis lever Las its fulcrum on the 



.f^ V 




frame at H. A vertical piece, I, stands upon the lever, against the top 
of which piece the toggles J J have their bearings, forming an elbow 
or toggle-joint. K is the fixedjaw against which the stones are crushed. 
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This is bedded in zinc against the end of tbe frame, and held back to its 
placo by cheeks, L, that fit in recesses in the interior of the frame on 
each side. M is the movable jaw. This is supported by the round bar 
of iron N, which passes freely throngh It and forms the pivot upon 
which it Tibrates. O is a spring of India-mhber, which is compressed 
by the forward movement of the jaw and aids its return. 

Bvery revolutlou of the crank causes the lower end of the movable 
jaw to advance toward the flxed jaw about one-fourth of an inch and 
return. Hence, if a stone be dropped in between the convergent faces 
of the jaws, it will be broken by the next succeeding bite ; the resulting 
fragments will then fall lower down and be broken again, and so on 
until they are made small enough to pass out at the bottom. The readi- 
ness with which the hardest stones yield at once to the influence of this 
gentle and quiet movemeut, and break down into small fragments, sur- 
prises and astonishes every one who witnesses the operation of the 
machine. 

It will be seen that the distance between tbe jaws at the bottom limits 
the size of the fragments. This distance, and consequently the size 
of the fra.gments, may be regulated at pleasure. A variation to the ex- 
tent of five-eighths of an inch may he made by turning the serew-nnt P, 
which raises or lowers the wedge Q, and moves the toggle-block K for- 
ward or back. Further variations may be made by substituting for the 
toggles J J, or either of them, others that are longer or shorter ; extra 
toggles of different lengths being furnished for this purpose. 

Machines are made of various sizes. Each size will break any stone, 
one end of which can be entered into the opening between the jaws at 
the top. The size of the machine is designated by the size of this open- 
ing; thus, if the width of the jaws be 15 inches, and the distance be- 
tween them at the top 9 inches, the size is called 15 by 9. 

The product of these machines per hour, in cubic yards of fragments, 
will vary considerably with the character of the stone broken. Stone 
that is brittle, like quartz, granite, and most kinds of sandstone, will 
pass through more rapidly than that which is more tough. The Itind 
of stone being the same, the product per hour will be in proportion to 
the width of the jaws, the distance between them at the bottom, and the 
speefl. The proper speed is about 180 revolutions per minute ; and to 
make good road metal from hard, compact stone, or to prepare ores for 
stamps, the jaws should be set from 1^ to IJ inches apart at the bottom. 
For softer and for granular stones tiey may be set wider. 

The following table shows the several sizes of machines commonly 
made, the product per hour of broken stuff from the hardest materials, 
when run ivith a speed of 180 ; the power required to perform this duty ; 
tlie whole weight of each size in round numbers, and the weight of the 
lieaviest piece when separated for transportation. 



s.... 


Product per 


Power required. 


Total weight. 


WeiKMofftame 
aiifl parts at- 
tacbed. 


10 by 5 
10 1jt7 
15 !>T 5 
15 liv 7 
15 by 9 


4 onl)io yaulB 
4 eubio v^nlH 
6 cubic >ar(l3 
6 cubic vflnls 
6 cubic 5. 11 (Ib 


6 horse 
6 lioise 
't hnrae 
9 Iwrsp 
9 ]i.>rse 


6,600 pounds. 

T.TOO pounds. 

9,100 poauds. 
10,200 pournla. 
11,600 ponnda. 


3,200 pouiids. 
4,100 pounds. 
4,700 pounds. 
5,e00 pounds. 
6,S00 pduuds. 
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The whole length of the machines to the back-side of the fly-wheels ia 
from 8 to 8^ feet ; height to top of fly-wheels, 5 feet ; width, from 4 to 
5 feet. 

The luacliine may be driven by any power less than that given in the 
table, yielding a product per hour smaller in the same proportion. 

Either of the sizes mentioned wUl break quartz enough in a few hours 
to feed a forty-stamp mill for one day. A machine of less capacity would 
of course have a smaller month aud would not take large stones. It is 
usual therefore for mill-men to use the largest mouthed machine, and to 
run It a few hours each day. The rough quartz in blocks as it comes 
from the mine being ready on the platform ueai' the mouth of the breaker, 
two men can feed it into the machine and break it up at the rate of five 
to ten tons per hour, according to the size of the machine. 

Breakers have been made larger than any of the above for breaking 
very large blocks of ore. They are in use at Lake Superior, where they 
take in masses of ore eighteen inches in diameter by twenty-four in 
length, and crush them without difficulty. The fragments from these 
lai'ge breakers are received by two or three of the maehines of the ordi- 
nary sizes and are broken again, so that the pieces will all pass through a 
two-inch ring. The metallic copper is readily picked out by hand from 
this broken ore. These large machines would be useful at many mines 
in California and Nevada, and would permit sledging to be dispensed 
with. The machine is made without the lever, and works very slowly, 
but without loss of power; since, when it is not crushing, the only power 
consumed is that required to overcome the friction, whereas with the 
heavy stamps, as we have seen, the gxeatest expenditure of power is 
when the least work is performed. 

There are some modifications of the construction of this machine as 
here described. In England and France they are commonly made with- 
out the lever, the eccentric shaft being mounted on the top of the frame 
directly over the toggles. A pitman connect-s the eccentric shatt with 




Blaliw's Eotk Breaker, witliout tin; lever. 
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tliese toggles, and thus produces the oscillating motion of the jaw. 
This constnietiou is shown by a sectional view as before, one-half of the 
frame being sapposed to be removed. One only of the fly-wheels is 
represented. This is the form of the machine exhibited at the Paris 
Exhibition by the manufacturers under the patent in France, The 
mouth of this machine is expanded, hopper-like, so as to be more con- 
venient for the reception of the masses to be brolceu. This may be a 
desirable addition in some caseSj where comparatively small stuff is to 
be broken and is to be shoveled m from a floor lower than the mouth of 
the machine; but when the mouth is placed, as it should be, on a level 
with the floor of the dump pile, the hopper is not required. 

The rock breaker may be successfully used instead of stamps to obtain 
either coarse or fine, fragments suited to concentration. It has been 
attempted to increase the fineness of the product of tlie machine by 
placing an "obturator" or obstruction, such as a triangular bar. of iron, 
under the outlet between the jaws, arranging it so that it can be raised 
or lowered by means of screws, in order to diminish or increase the size 
of the outlet for the delivery of the crushed stuff. The eftect of this 
obstruction is to retain the stuff between the jaws until it is so much 
broken and comminnted that it will sift through the narrow slits left on 
each side of the bar. This method of operating may be successful with 
some materials but involves a considerable expenditure of power. It is 
also attended with some danger to the machine, since with materials 
that are easily impacted to a hard mass, the entire space between the 
jaws may become so tightly filled that some part of the machine must 
give way. The massive frame of a machine in California was broken 
asunder in this manner, simply by permitting the outlet between the 
jaws to become closed by the accumulation of a heap of broken stuff 
below it. (Jbturators have been tried ; but the discharge from the ma- 
chines is rendered so slow by them that they have been discarded as not 
practically valuable. A better way to accomplish the object is to first 
break the ores in an ordinary machine and then pass the fragments 
through a machine with a mouth 10 by 2 inches, the jaws of which move 
only about one-eighth of an inch and make 600 bites in a minute. Ma- 
chines of this kind have been successfully used in preparing ores for 
jigs. 

At the Churprinz mine, Freiberg, Saxony, two rock breakers are used 
to prepare the lead ores tor the various concentrating machines. One 
breaker takes the rough ore as it comes from the mine and breaks it up 
into coarse fragments ; these pass to a second breaker with the jaws set 
nearer together, so as to make fragments small enough for jigging. The 
finer portions of the first product are separated from the coarse by 
means of revolving screens. 

The fragments of ores produced by rock breakers are better a,dapted 
in size and shape to the operation of concentration by jigging than the 
fi'agments made by rollers and stamps. When set coarse, for breaking 
quartz to be fed to stamps, the product consists of masses which do not 
exceed a certain size, and this permits a uniformity in the action of the 
stamps which cannot be obtained upon quartz broken up by hand, since 
in the latter case there is great irregularity in the size of the masses, 
and,as a general rulCj the hardest and toughest are the largest. With self- 
feeding batteries, it is very important that the ore should be uniformly 
broken, and machine-broken rock is especially well adapted to antomatic 
feeding. When the masses fed into batteries do not exceed a certain 
size, the wear and tear of grates is less than when the size is Irregular. 
It is easy also with breakers to reduce the whole quantity of the ore to 
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be stamped "to fragments very much smaller tliau can be obtained by 
hand-breaking, unless by an expenditure of time far beyond what the 
economy of the breaking will permit. Quartz thus reduced greatly in- 
creases the pi-oduct of a stamp- battery; the stamps have a greater aud 
more effective blow, and mill-men often report that they can work from 
twenty to twenty-five per cent, more quartz with a breaker than with- 
out it, the battery being the same. 

The jaws of the breaker are the only parts subjected to rapid wear, 
and in California and Nevada it is usual to provide the movable jaw 
with movable faces of hard white iron. These are made about toar 
inches thick, and in such a torm that tbey can be turned over or end for 
end, untU tbey are too much worn to be longer used. They are secured 
to the jaw by means of conical bolts, and bedded in zinc or refuse type- 
metal, in order to have an equal and solid bearing. The forward or 
iisedjawcan also be reversed in its bed, and is held back to its place by 
wedge-shaped cheeks on each side. It is usual to make both jaws with 
vertical coarse corrugations or furrows, so that the ridges of one jaw are 
opposed to the depressions on the other, thus giving a zig-zag tbrm to 
the aperture at the bottom. This tends to prevent long and thin pieces 
'from slipping through without being broken; but it is not otherwise 
essential to Sie satisfactory operation of the machine, and plain jaiws 
are frequently used. 

CUUSHING BY ROLLKJJS, 

Before the introduction of rock l)reakers, the most common method of 
crushing was by strong iron rollers, revolving slowly in close contact or 
pressed together by powei-ftil weighted levers. The stuff was allowed to 
drop from a hopper between the rollers, and motion having been given to 
one by means of steam or water power the other roller was carried 
around by friction. This form of cnisher is generally known as the 
Cornish crusher or rolls, and is much used at the metalliferous mines in 
Cornwall and elsewhere abroad. One was erected at the Keystone 
copper mine in Calaveras County, California, a few years ago for crush- 
ing copper ore preparatory to jigging. 

The figure annexed will serve to give an idea of the general form of 




Eollets foi' cruBhiiig. 

construction of the Cornish crusher. The rolls are supported by very 
stroug bearings, in a frame strengthened by wrought-iron bolts. In the 
construction here shown, the rollers are kept in contact by India-rubbei' 
springs, or buffets, of great elastic force, one on each side of the frame. 
Ea«b buffer is composed of six rubber disks, one inch thick', separated 
by a disk of iron one-quarter of an inch thick. The necessary initial 
pressure is obtained by means of two strongly-made screws in the axes 
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of the buffers; and by screwing up or unscrewing the nnts on these 
screws the pressure may be incresised or diminished, according to the 
necessities of the case. It is evident that it wonld not answer to rigidly 
fasten the rolls in contact. The accidental dropping of a steel tool, 
such as a drill or a hammer-head, l>etween them would break the ma- 
chine ; and, moreover, they would not crush as last and well without a 
certain amount of yielding to the materials carried through between 
them. But the use of rubber springs is a novel way of giving the 
necessary resistance. It is usually accomplished by means of weighted 
lei'ers, the short arms of which . being bent downward press upon a 
cylindrical bar or follower, which bears directly upon the back of one 
of the bearing blocks of the roll ; or, what amonnta to the same thing, 
the lever is made, by means of rods, to draw the bearing of one roll 
toward the other, thus keeping the surfaces of the rolls in contact. The 
amount of the pressure is determined by the extent to which the lever 
is weighted. This is the usual Oornish method ; that by springs of rub- 
ber has been tried in Germany. The great advantages of springs are, 
that the machine occupies less space than when fitted with levers, and 
that the resistance or crushing pressure increases with the degree of 
separation of the rolls, whereas with the weighted levers the pressure 
is constant. 

In practice it is found that the product of rolls geai-ed together is 
greater than when one is carried around merely by the friction of the 
stuff crushed. It is also usual to have three or more rolls where the 
crushing is wholly done by relling. The upper pair are set so as to take 
in large masses ; and to increase the hold of the surface of the rollers 
upon the masses they are made fluted. The fragments fiilling from this 
first pair of rolls are divided between two pairs set below and pressed 
closely together. 

The diameter of crnsliing rolls varies from 14 inches to 34 inches, (27 
inches is a common diameter,) and the length or breadth of face from 
12 inches to 22 inches. The rolls at the mine of Devon Great Consols 
in Cornwall are very large, having 34 inches diameter^ and 22 inches 
face, and a pressing force on the rolls of 458 hundred- weight, revolving 
seven times i»er minute, and crushing 65 tons in 10 hours, at a cost of 
3J pence per ton. 

The annexed tabular statement of dimensions of rollers at various 
mines will give further detEiils.* 

" Extracted from Huut'a edition of Ure's Dictiouary. 
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Dimensions andprodaet of Coraish roUere at variona miiii 
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■WEAR OP KOLLS. 

The surface of rollers soon becomes much worn; and when made of 
chilled iron, the irregularity of the chilling is soon made manifest by 
the nueqnal wearing away, the soft parts being hollowed out, while the 
harder remain in ridges or irregular bulges. It is therefore found 
preferable to use ordinary hard pig iron, or a mixture of hard white iron, 
similar to that used for the dies and shoes of stamps. The rolls are also 
made with an outer easing or shell, a short, hollow cylinder, that can be 
slipped upon the axis or core of the roll, and removed when too much 
worn. This is usually cast so as to make a firm lock-joint upon the core, 
or it is keyed by means of two or three keys or wedges slipped into 
recesses extending through from one side to the other at the line of 
junction, one-half of the hole being in the core and the other half in 
the shell. 

The annexed figure shows a method of securing the facing upon rolls 
by tapering keys.* The outer cylinder C C can be slipped off and on 
the central conical cylinders without difficulty, and is secured in its place 
by six tapering or wedge-like key8,E K, placed at equal distances around 
the axis, and firmly held by the strong nuts at one side. This drawing 
is one-ninth fidl size. The roll has 14 inches diameter and 9 inches 
face. In all crushing machines of this description a large amount of 
the stn£f must necessarily be passed through between the rolls several 
times ; for it is evident that when a hard lump of ore passes through 
• This figure is takeu from the Jiilirbucii fur deu Berg-imd-Huttoii-Miiiju, 1S()7. Taf. ii. 
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and separates the rollers more than is usual, a consideiable quantitT of 
stuff drops through without being at.ted on The reisult is ^he '«ime 
when the rollers are fed too rap- 
idly; they are kept asunder 
most of the time, and much 
coarse and uncrushed material 
passes through. 

The crushed product is al- 
ways received upon gratinga or ■ 
a revolving screen, by which 
all the fine or sufficiently bro- 
ken portions are sifted out. 
The coarse fragments which re- 
quire to be again crushed are 
dropped into a raff-wheel, or 
elevator, by which they are car- 
ried to tiie upper floor or plat- 
form and thrown out, ready to be bho\eled mto the hoppei iguii 
This raff- wheel is usually 15 feet m diameter, and resembles a ^i atei 
wheeljbutis made with the buckets turned inward This foims a succes 
sion of box-like cavities, from which the ore falls out when, by the 
revolution of the wheel, they are cairied to the top and mveited. 

BoUera are usually driven by strong geaiing, but at the E-^position in 
1867 a set of rolls exhibited by Messrs Huet & Gejler were driven by 
a belt, as is also a machine at Freibeig, m Saxony M Huet mentions 
rolls with as great a diameter as 1™, 20, but the lolleis lu machines of 
their construction, driven by a belt upon a shaft carrying at the oppo- 
site end a small pinion, working into a large spur-wheel upon the end 
of the shaft of one of the rollers, did not exceed 0". 09 in diameter. 

The hoppers of rollers for crushing large quantities of stuff are usually 
made large enough to hold a ton. 

lukdgeen's pulveeizing barbels. 

Au apparatus for fine crushing by means of rolling in a cylinder with 
a great number of small balls of hardened iron, was erected and used 
for a time at the Benton Mills, upon the Merced Eiver, but was finally 
abandoned. The cylinder or barrel used was made of boiler iron, lined 
on the inside with shoes of hard iron, one inch thick. Its length was 
three feet and diameter five feet. The material, consisting of the bat- 
tery sands, was screened and introduced in charges of 650 pounds. 
Some 2,000 jKuinds of chilled iron bullets, half an inch in diameter, were 
then added, and the whole made to revolve on its axis slowly, about 26 
revolutions in a minute, for one and a quarter hours, at the end of 
which time the sand was reduced to a fine powder. The wear upon the 
balls is said to be very slight. 

CRUSHING BY PERCUSSION — CENTRIPUGAL CRUSHERS. 

For crushing minerals and other hard substances by projection from a 
revolving wheel or disk, an apparatus was devised and operated for a 
time by Messrs. Whelpley & Storer, in Boston, Massaehusett-s. To the 
part for coarse crushing they gave the name of whirling table. This is 
a saucer-shaped mass of metal, three and a half feet in diameter, weigh- 
ing 800 or 1,200 pounds, and revolved horizontally with great velocity, 
as great as 1,0^^5 times per minute. This table or disk forms the bot- 
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torn of a circular cast-iron stationary tub, eighteeii inetes deep, the 
sides of which are perforated so as to allow small fragments to pass out. 
The table is so supported upon a vertical shaft, with a steel pivot resting 
in a cup of oil, that it revolves with but little friction, and the high ve- 
locity of rotation is maintained with but little expenditure of power. 
When any hard substance, such as a mass of quartz, is thrown into the 
cavity during the rapid rotation of the table, it is at once forcibly thrown 
outward against the grates, and, falling backward in fragments, these 
are in turn thrown rapidly outward again by the centrifugal force, and 
the operation is repeated until the fragments are small enough to pass 
through the perforations and escape to an outer chamber. If these per- 
forations are half an inch in diameter, the fragments of the quartz will 
be lilie small gravel mixed with sand. It is claimed that one of tliese 
tables will reduce more than 200 tons of ordinary quartz in pieces from 
three or four inches in diameter to the size of coarse gravel in twenty- 
four hours. The inventors allow, in practice, an average of ten-horse 
power for the full working of one of these tables, and they rate the ex- 
penditure of power at about one and a half-horse power per hour for 
each ton of quartz. To obtain this result the velocity of the table must 
exceed 1,000 revolutions per minute. Blocks of hard white iron, such 
as Pranklinite, are bolted upon the outer edge and face of the table. 
These, at high velocities of rotation, first strike the mass to be broken 
and splinter it before it reaches and wears the surface. With low ve- 
locities the machine is rapidly worn and injured, by the dragging of the 
stone over its surface. With the higher velocities only the edges of the 
hammers or iron blocks are worn, and these blocks last a much longer 
time in proportion to the amount of work done. The balance of this 
revolving table is regidated by bolting pieces of iron to its ynder side. 
This machine is not intended to be used as a pulverize); but rather as a 
breaker, taking stuff three to six inches in diameter and reducing it to 
the condition of mixed sand and gravel, with a small percentage of 
dust. For carrying the reduction still further and gaining a product as 
fine as dust, another form of centrifugal apparatus, called the pulv&r- 
tor, is used. 

The pulverizer, as described by the same inventors, consists of four 
parts or elements: 1. An automatic feeding-mill, which furnishes a reg- 
ular and constant supply of the material to be pulverized. 2. An iron 
drum or cylinder, containing an air-wheel, which converts the sand or 
gravel into dust, chiefly by the action of the particles upon themselves 
in the rotary currents of air created by the wheel. The material can be 
retained in the cylinder until it is completely reduced. 3. A fan-blower, 
by which the dust is drawn from the pulverizing drum as fast as it is 
generated. 4. The dust so drawn off is received and collected in a 
chamber or series of chambers. 

The pulverizing cylinders, in. use for two years or more, chiefly in 
crushing hones, were forty-two inches in diameter and eighteen inches 
in breadth. They had twenty-four paddles or arms of hard white iron, 
six inches long by three and a half in breadth. The revolution was in 
a vertical plane. It was found by experience that the proper velocity 
for economical results was about 1,025 turns in a minute. " This will re- 
quire flfteen horse-power to produce 1,500 pounds of quartz powder, 
four-fifths of which should i)ass through a sieve of one himdred threads 
to the linear inch." The inventors further state that a very fair esti- 
mate of production allows one hundred pounds per hour of average dust 
to the horse power. 

Efforts have been made in Calilbrnia to perfect a form of rotary 
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crusher for dry eruabing, and the mining public is indebted chiefly to 
Mr. Moore, of the Vulcan Eouiidry, for persistent efforts to solve the 
problem of a cheap and durable machine for dry crushing iipon this 
principle. Much money was expended, and for a time it seemed as if 
success had been attained, but the practical difficulties inherent in this 
method proved insurmountable and the efforts to perfect the apparatus 
ceased. One of the chief dif&cultiea was found to be the exce.ssive Yi- 
bration of the revolving disk at the required high velocity, the result of 
unequal wearing. The details of the experiments made at the Vulcan 
would form a very interesting and valuable contribution to mechanical 
engineering, and it is regretted that expected details on the subject have 
not been received in time for insertion here. 



CHAPTKK XVI. 
STAMPS AND STAMP MILLS. 

The stamp is the oldest, simplest, and most effective machine for 
crushing ores to powder. The breaker and Cornish rolls, already de- 
scribed, act by direct slow presiire ; while stamps in falling acquire mo- 
mentum, and strike sharpj quick blows upon the mass to be broken. 

The iron stamp battenes, now in use upon the Paciftc coast, are 
made chiefly at San Francisco, and have been carried to a high degree 
of perfection by the joint eftbrts and experience of the miU-meu and the 
metallurgical and mechanical engineers. It is but just to state that the 
stamp batteries made there are superior for gold and silver working to 
those in any other ]>art of the world, and that they have become the 
type to be followed in the construction of batteries in Chicago, Hew 
York, and elsewhere. 

It is now very rare in California to find the old-fashioned timber, 
square-stem stamp lifted by a wooden or iron cam set into a large shaft. 
Some that were erected in Grass Valley several years ago are still in 
existence ; but the round stamps with cylindrical iron stems, free to 
rotate in the supports or guides, are now used almost exclusively in 
California and Nevada. 

The whole stamp is composed of the following parts : the stem, the 
tappet, the stamp-head or socket, and the shoe. The mass of hardened 
iron on which it falls is called the die, and this is placed in the cast- 
iron box called tlie mortar. 

The stem is usually made of 3-inch or .'{J-inch round iron, from 10 to 
12 fe«t in length, and turned off in a lathe and finished so as to be truly 
cylindrical, and equal in diameter in every part except for a few inches 
at the lower end, which is made tapering, so as to fit into a conical hole 
in the top of the head. 

The tappet, or lifter, as it is sometimes called, is secured upon the 
upper part of the stem, and forms a projection three or four inches 
wide, under which the cam catches and lifts the stamp. 

The first of the annexed figures is a vertical section of the tappet as 
it appears fixed upon the stem A ; and the second an end view or plan, 
the contrivance for securing it to the stem being shown in both. 

The tappet is made of cast iron, and weighs from 60 to 70 pounds. It 
is alike at both ends, so that when one becomes worn it can be reversed 
upon the stem. Formerly the tappets were attached to the stems by 
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means of screw threads cut upon the latter, the tai)pet being screwed 
i a nut upon a bolt; afterward key seats were cut to receive a 
transverse key; but these methods have been 
superseded by the much more simple and conve- 
nient device invented by Zenas Wheeler, of Cal- 
ifornia, which has given hie name to the tappet. 
The tappet is cast with a rectangular recess 
a in one side of the hole, for the stem. Into this 
I recess a "gib," B, is placed. This is a rectan- 
1 gular block of wrought Iron, flat on one side but 
] hollowed on the other, so as to fit the curvature 
i of tiie stem. Two trams- 
1 verse slots or openings at 
the back of the recess are 
J providedforkeysorwedges 
I K K, by which the"gib''i8 / 
a wedged powerfully against j 
^ the stem, so that the tap- 
pet is ftrmly secured at any ' 
desired place upon the 
.-'"'v-v stem. Thus no key seat or 

^ change of the form of the 

Stamp Tappet-secUoa. g^g^ jg required, and the Stamp Tappet-plan, 
tappet can at any time be removed without difBcnlty merely by driv- 
ing out the keys. 

The stamp-head or socket, as shown in the annexed figure, is cylindri- 
cal, and made of the toughest east iron, strengthened with wrought iron 
hoops or bands, C, C 0, at the top and bottom, shrunk on while hot. 
It is cast with two conical openings, or sockets, one 
in e,ach end, the upper being for the reception of the 
tapered end of the stem A, and the lower and larger 
opening, B, for the shank of the shoe. D I> represent 
transverse rectangular openings, or key- ways, by means 
of which steel wedges can be inserted, so as to bear 
eitlier against the end of the stamp-stem or against 
the end of the shank of the shoe, for the purpose of 
driving either out. This is often necessary for the 
D shoe, when by wearing it has be- 
come too thin, and has to be re- 
placed with another. The stamp- 
head is made in this form for the 
purpose of facilitating the removal 
of tie shoe. With proper care the 
socket lasts tor years, and after 
being once attached, to the stem 
Stamp-head, need not be removed ; but the shoe 
wears out in a few weeks. 

The form of the shoe is shown by 8 in the annexed 
figure, and the die by D. Both are round, in hori- 
zontal section, and ai-e east of the hardest and tough- 
est white iron. The shoes are usually eight inches r — — 

in diametei- across the face, and six inches in length D 

or height from the face to the shank. The die corre- 
sponds in diameter at the fece, but they are often / 
made with a broader face, sometimes square, and I 
fitted into recesses in the bed of the mortar. They Shoe and Uie. 
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are made of the same iron as the shoes, and are renewed as fast as 
worn oat. 

It is nsaal for the manufacturers to ship these different parts of the 
stamp disconnected, since their construction permits of their being 
united with ease, when they are to be placed in the battery. In order 
tA) fasten on the tappet, we have seen that it is only necessary to slip it 
OQ the stem and then wedge it fast by means of the keys and the gib, 
To attach the stamp-head it is only necessary to place the socket upon 
tlie die in the mortar, and let the tapered end of the stem drop verti- 
cally into it. A few blows with a hammer upon the upper end of the 
stem will wedge it tirmly into the head, and it is made tighter by allow- 
ing it to drop, head and all, upon the die. This is regarded as a per- 
manent connection ; but with the shoe the ease is different, and, to ren- 
der it less difficult to remove this part when worn out, the shank, be- 
fore being inserted into the socket, is covered with strips of pine, about 
one-qnarter of an inch thick. These are held in place by a string, while 
the shoe is placed in its proper place upon the die, and the stamp-head 
is allowed to fall upon it. It becomes tightly wedged in the conical 
socket, and may be raised with the stamp. After dropping a few times 
upon the die, (protected by a bit of plank,) it is driven "home;" but 
there must be a little space left between the top of the shoe and the 
lower surface of the stamp-head. A stamp thus put together, with a 
three-inch stem and a 2(IO-pound head, will weigh about 620 pounds, 
the tappet weighing 70 pounds and the shoe 05 pounds. 

The smooth, round stem of the stamp permits it to revolve in rising 
or falling, so that all sides of the shoe are turned in succession toward 
the side where the quartz or ore is fed in, this being the side where the 
stamps with square stems ai-e most rapidly worn away, because on this 
side the coarse material to be crushed is most abundant. By turning 
the stamp constantly in the battery this wear is equalized. Shoes 
should not be allowed to remain in the head until they are entirely 
worn out, as the wear wiU be partially upon the wrought iron band of 
the head, and thus weaken it. When no more than one inch, or three- 
quarters of an inch in thickness is left, the old shoe should be wedged 
out atid a new one put m. 

It is very important that shoes and dies should be equally hard 
throughout, so that they may wear away equally in all their exposed 
parts. 

To manufacture shoes and dies of good quality for stamp batteries 
requires considerable judgment and experience. The proper selection 
and mixture of the iron is of first importance. Ordinary iron when 
chilled in iron molds is hard uimju the outside, or to a slight depth, 
while within this hardened crust it is soft, and soon wears away, so that 
a shoe made in this manner becomes hollowed out like a saucer, as soon 
as the hard crust or chill of the face is cat through. A shoe made of 
hard white iron, weighing 95 pounds, will last for six weeks, sometimes 
longer; but ordinary iron mil wear out in a month. A die four inches 
thick, and weighing 60 pounds, will last Ave or six weeks. A worn-out 
shoe and die will not together weigh more than 30 to 38 pounds. 

This, however, depends upon the judgment of the mill superintendent. 
Some mill-men use the shoes and dies much longer than others. The 
above is the experience at the Princeton mill of 24 stamps, on the Mari- 
posas estate. These stamps weighed about 500 pounds, and crushed about 
45 tons of hard quartz in each twenty-four hours. The actual wear of 
shoes and dies was found to be about 1.54 pounds of the iron per ton of ore 
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crushed. The wear of the shoe alone is generally estimated to be from 
oue-lialf to one pound per ton of hard quartz crushed. 

BATl-ERY MOKTAES, 

In the old-fashioned batteries, the mortar or cotter in which the stamps 
act is made of plank, bolted to a timber frame and lined with sheet-iron, 
and fitted with a cast-iron bed or shallow trougii at the bottom, which 
serves as the die or anvil. But in working gold ores it becomes of the 
first importance to prevent all leakage in the batteries, especially where 
quicksilver is used. With wooden mortars this is next to impossible, 
particularly if they ever remain idle for a few days or weeks, and are 
allowed to dry. It moreover requires considerable time and skill to 
construct a mortar of wood in the most approved form, and in a region 
where time is so valuable as it is in all newly discovered gold and silver 
regions, it is a great advantage to have mortars already made, which 
only require to be set upon a suitable foundation to be complete, Cast- 
iron mortars fulfill all the required conditions, and they are now and 
have been for many years in general use in the mines of the West, 
They are made in many forms, and of various thickness and weight, by 
different esbabUshment's, but the following notices of the principal forms 
made by H. J. Booth & Co., at the Union Iron Works, San Frauciso,* 
will sofiice to show the general style of construction of all, Tliey weigh 
from 2,000 to 4,000 pounds, and are cast in one piece, with the excep- 
tion of the section mortar, intended for transportation in pieces in moun- 
taioous regions. 

Sigh^noitar — The mort<ir m common use upon the Pacific tonst is 
known as the hij,h mortar, and is h* le reptesented in cross section and 
in front wew 




Itisfoui feetlong,tourteethi„h, and wughsahout3,0D0 pounds. They 
can be made for three, four, five, or six stamps; but five stamps to each 
mortar are fonnd to work best. The ore to be stamped is fed through 
the longitudinal opening B at the back of the mortar, and falls upon 
the dies {not shown) ranged side by side in the bottom. 

AH the rock is supposed to have been made small enough by the 
breaker to pass through the narrow opening at the top. The large 
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opening in the frout of the mortar ia iotended for tlie screeD, made 
of Russian sheet iron, punched with fine holes. Tliis is screwed or 
tacked securely to a wooden frame, which is slid into grooves C in the 
section, cast in ea-ch end of the frame, and ia firmly secui'ed there by 
long wedges of iron. Two lugs or ears of cast iron, placed at equal dig- 
taucea at the bottom of the opening in the front of the mortar, serve 
to sustain the screen-frame in front. The whole mortar is securely 
bolted down to the foundation through the heavy flanges cast upon the 
bottom. 

SeeHomnortars. — Mortars which have to be transported into places 
difficult of access are made in sections so that tliey can be taken apart 
and packed upon the backs of niiiles Thesp aie called section nioitars, 
and then tonstiuction is shown m the accompanying flguiea This 




mortal, like the preceding, is Jor iivc stamps, and is four feet long 
The upper portioub A A ire mide of boiler iron. The teed opening is 
shown it B Theie aie double screens D I), one on each side. The 
method of securmg these acreeus to the openings by means of movable 
lugs or clamps, is also shown The bottom ia caat in aectious c c c, and 
these aie accurately titted tof,ether with tongued and grooved joints, 
planed, and held by heivy iron bolts running through them from end 
to end, and secured by strons imt^ upon the outside. 

D&tmelVs mortar. — A form ol' nioiln]' iiiiowii us Douiicll's is. shown by 
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the iigares. The ore, as in the other mortara, is thrown in at the feed 
opening B, in the section, and the delivery is through one of the two 
openings in front and in tlieback. The screen C is narrow and is placed 
high above the dies, and occupies only a part of the opening in front, 
The lower portion of this opening and the opening in the back is closed 
by a door of wood A A, covered on the inside by a sheet of amalga- 
mated copper which catches and retains the particles of gold. By re- 
moving the screen 0, and making the door A higher, it may be used as 
a doat mortar. 

Dry mortars. — Wet stamping or crushing is general in Calitisrnia. 
Mortars for dry crashing are exceptional in that State; but the silver 
mills of Nevada, crushing ore which has to he subsequently roasted, re- 
quire this form. Screens for the latter are placed higher and are made 
wider, and wire-cloth is substituted for perforated iron plates. 

BATTERY SCRBEMS. 

Screens for working ores wet are generally made of Eussia sheet iron, 
of the softest and toughest quality, punched with fine round holes by 
means of a machine. The size of these holes varies from number nine 
of the common sewing needles to number one, the punches used being 
made of needles. Number one is thus the coarsest screen. The diam- 
eter of the holes of a No. 4 screen is one-twenty-fourth of an inch, and 
there ate 144 holes in a square inch. In a No. 6 screen, the holes are 
one-fortietli of an inch in diameter, and there are 324 in a square inch. 
The screens vai^ in length from three to three and a half feet accord- 
ing to the length of the mortar, and are from ten to fifteen inches wide. 
When wooden frames are used, the punched screens are tacked on at 
the edges with common carpet tacks, a strip of baize or blanbiet being 
placed under the edge, to make a tighter joint and to facilitate the re- 
moval of the screen when worn out. The screens are also secured in 
iron frames, made with cross-bars so as to sustain them. 

Sometimes the holes in the sheet iron are made in the form of narrow 
slits, about one-third of an inch long, with a view of increasing the ra- 
pidity of the discharge of the stamped stuff. ]?or the same purpose, 
the screens are not placed vertically in the mortars but are inclined 
foward at the top, as indicated in the figures of mortars, by the recess 
for the reception of the screen frames. 

CAMS AND CAM-SHAFTS. 

The stamps of California batteries are lifted by iron cams, keyed upon 
iron shafts, and revolving at the side of the stamp stem under the tappet. 
Wooden shafts with iron cams inserted are now seldom used upon the 
Pacific slope, though formerly common, and used also in the gold region 
of the Oarolinas and Georgia. The iron cams are made single, with one 
arm, and also double, with two ; but the single cam is now generally pre- 
ferred, as it permits the shaft to be brought very near to the stem and 
thus brings the commencement of the lifting surface of the cam nearly 
under the tappet. Cast iron is used ; the bearing surface, about three 
inches wide, is made smootii by grinding ; and the hubs are strengthened 
with wrougbt-iron bands. The proper tbrm of the curvature of the cam 
is a modified involute of a circle, the radius of which is equal to the 
horizontal distance between the axis of the cam-shaft and the centre of 
the stamp-stem. The curvature should be increased or made greater 
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than tlie regular involute, at each end of the cam. This is done so as to 
ease the contact, by allowing the cam to comineuce to act upon the ta^i- 
liet at the least practicable distance from the axis of the cam-shaft, 
where the concussion is least, and to prevent the outer end ftom 
scraping or tearing along the face of the tappet. This end is also cut 
oat on one or both sides so as to prevent the corner from cutting the cir- 
cular edge of the tappet. The face of the tappet should always be at 
right angles with the radius of the curvature of the cam at every part 
of its course. In practice it is usual to construct the caui-eurve by 
means of a string and pencil- This string must be as long as the re- 
quired lift or rise of the stamp, added to the distance between the axis 
of the cam-shaft and the axis of the stem. A circular disk of wood, with 
a radius equal to the last-mentioned distance, is provided, and, the 
string being fastened at the edge, is wound upon its periphery. It is 
placed upon a flat surface or sheet of papex ; a pencil is fastened at the 
free end of the stringy and the latter is unwound, being kept taut, while 
the point of the pencil traces a line upon the paper until the string be- 
comes tangent to the circle at the point of attachment. This gives the 
involute with sufficient accuracy, and it is modified in practice as already 
mentioned. The cam-shaft is made of round iron, usnally 4J inches in 
diameter, turned and finished off, and having one and sometimes two 
key-seats cut in it longitudinally between the bearings for the purpose 
of fastening the cams in their places. One shaft is sometimes made to 
run fifteen or more stamps; but an independent cam-shaft for each 
5-stamp battery is preferable. If there is a line of several batteries a 
counter-shaft is used. The stamps are held and guided in position in 
the mortar by guides above and below the tappet. These guides are, by 
preference, made of hard wood rather than metal. They are made in 
halves so that by dressing off the two opposing edges they may be 
readily refitted to the stem when they are too much worn away. Oak is 
pfefened ; but In its absence piue is substituted. The friction of metal 
guides is injurious to the stems. The guides for a battery of iron stem- 
stamps made in France in 1867, by Messrs. Huet & Geyler for the mines 
of Serena, Spain, were made of brass, like ordinary journal boxes, and 
the cams worked through a slot in the centre of the stem. 

THE STAMP BATTERIES OF OALIFOENIA. 

Having now described the various parts of a battery in some det-ail,it 
may be well to direct attention to their combination so as to form a com- 
plete stamp-battery such as is now in use iu the best.miUs upon thePaciflo 
slope. The annexed figure will serve to indicate the general appearance 
and arrangement of one of these batteries and the frame for its support. 

This is a sectional elevation of a self feeding stamp battery, as con- 
structed for working gold quartz. The frame is of pine timber securely 
braced aiid held by tie-rods. One end of the iron mortar is supposed 
to be removed so as to show the interior. The hopper-shaped box, C, 
is the self-feeding arrangement. It is shaken at each blow of the stamp 
by means of an upper tappet which strikes upon one arm of a lever, by 
which motion is communicated to the forward end of the feed-box, C. 
It will be observed that the cam-shaft is driven by a belt running from 
a counter pulley below. The double cam is shown, and the movable arm 
or bar used to hold or " hang up" the stamp when tlie battery is not in 
action. The scale of this di'awing is about one-quarter of an inch to one 
foot, 

13 m 



,dhy Google 



MECHAKICAL APPLIANCES OF MINING. 




Pittfrj f)J TioiliiggtW qinrtz 

The next figure shows tlie coustniction of a battery aiitl its fi'aifle 
for a wet-crushiug silver mill. The ore, after passing through a Blake's 
rock-breaker, is received in the feeding box mounted upon rollers. 
Prom this it drops into the mortar. This mortar is made with grates 
opon each side. The stamped ore, after settling in vats, is worked by 
diarges in pans. The framework of this battery is different from the 
preceding, but the arraDgemeuts for feeding, hanging up stamps, &g., 
are similar. 
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Wct^eriiahing Silver Battery. 



HOWLAUD'S EOTAEY BATTERY. 



This is a compact and portable form of battery, designed and patented 
by W, H. Howland. It was introdneed to the notice of the mill-men of 
California and Nevada several years ago, and was at first used to a con- 
siderable extent, but was gradually replaced in nearly all the mills by 
the ordinai-y straight battery. These batteries were early adopted by 
Mr. A. B. Paid, in the mills erected by him below Gold Hill, and he has 
recently given his opinion of their merits as follows: "No act of mine 
in mining has been more criticised than the adopting of these batteries 
in my Washoe operations. Their adoption was no blind work, as X had 
used them for three successive years previous, and in no test with other 
mills was 1 beat in returns. I had then, and have now, great faith in 
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tlieir principle. It certainly is in the right direction. They will, in 
time, I am confident, become popnlar, especially when introduced with 
the lat&r improvements, on aecouut of their simplicity, efficient working, 
and cheapness." 
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lb is claimed by the inventx>r that very great improvements in the 
construction have recently been made, based upon the experience of 
seven years of constant working of the old style of the rotary iron 
batt-ery. It is now offered by the Miners' Foundry to miners as a *' new 
and highly improved rotary quartz mill," of less cost than the straight 
batteries, and requiring less power. 

The construction is shown by the figure, page 196, The whole 
battery is of iron; the stamps are set in a circle around a central vertical 
shaft carrying the cams. Motion is imparted to this shaft by means of 
bevel-gearing. The cams are thus carried round horizontally, and lift 
ea«li stamp in sueceasion. These rotary batteries are east ia three sec- 
tious. The first section has the mortar or base, screen frames and feed 
openings in one piece; the second section contains the lower gnide 
boxes, (which are of wood,) driving gears, and cam- wheel; the upper 
section contains the upper guide-boxes. These three sections are bolted 
together, with thin pieces of wood-packing between each. The stems, 
tappets, stamps, shoes, and dies are the same as in the ordinary cast 
straight batteries. 

The openings for delivery through screens of the ordinary construc- 
tion are seen at the base. The st-amped stuff collects in the annular 
trough, cast in one piece with the mortar, so that there is no leakage, 
and is discharged by a chute at one side. It is claimed as one of the 
advantages of this improved form that there is more metal in the mortar 
or base than in the old form of rot-ary battery, and that the leakage at 
the base of the column, the jar and loosening of bolts, and the wear of 
guide-boxes, formerly complained of, are now entirely obviated. 

Its compactness and lightness as compared with the ordinary straight 
battery, and its being complete in itself, not requiring timber fra<ming 
and supports, commend it specially to those who wish to work their 
ores in districts remote from supplies of timber. Mr. W. D. Gray, the 
superintendent of the mill of the Imperial Company, at Gold Hill, Ne- 
vada, writes to Mr. Howland, February, 1S69, as follows respecting the 
rotary battery : 

Yours of 10th instant is at hand, in wliieli yon speak of Laving jiist flnidied and 
Mliipped for Wliite Pine aii 8-stamp rotary battery, made from a new and improved aet 
i>r piLtteruB. For a new ooimtry, wliore liunliw is scarce and laboi' necessarily Mgli. 
tliere is no liattery now in use Miat will eqnal yoave. The little time reqnired to set it 
np ready to run la an important consideration. The greatest objection m'ged against 
tlie rotary battery has been the cost of keeping them in repair, compared wiwi the 
straight battery. But my esperience for the last eight years proves this a mistake. 
The annual report of the Imperial Silver Mining Company shows quite a percentage in 
favor of the Gold HUI mill (five 8-stamp rotary batteries) over the Rpok Point mill,1)oth 
iu cost of repiuts, expense of running, and yield per ton of ore worked — the first of 
whioli I have had charge of for the last five years. The Koek Point millj run by water, 
has straight batteries. I think this comparison can be fully substantiated, aa far as 
expense of repairs is concerned; also as compared with any other mill run in Storey 
County for the last five years. 

The mill above referred to was designed for the Grant District, and 
weighed, when complete, less than six tons. The stamps weighed 600 
pounds each, and were designed to make 100 drops per minute. "When 
working up to its full capacity it will crush from twelve to sixteen tons, 
dry, in twenty-four hours. The total height of the machine is about 
eight feet, and the weight of the mortar is 3,000 pounds. 

WILSON'S STKAM STAMPS. 

One of the inost successful of the attempts to apply steam direct to 
the stems of stamps has been made by Mr. T, E. Wilson, of L'hiladel- 
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phia, Pennsylvania, whose mills liave been in practical operation at sev- 
eral of onr western mines. The general appearance and arrangement of 
tjie liattery is shown by the figure. Steam is taten directly by a two- 
inch pipe to a short cylinder around 
the stem of each stamp above the 
frame and by suitable valves is 
made to act under or above a piston 
upon the prolongation of the stem, 
so as to either raise or throw down 
the stanp at will. The foi'ce of the 
steam can thus be added to the 
wedghtand momentum of thestanip 
in falling, in order to increase the 
lapidity and force of the blows, and 
thus to give an increased product 
of stamped ore in a given time. 
Two stamps are placed in each bat- 
teiy. The mortar is made in the 
usual form for double grates, one 
on each side, but is heavier than 
those intended for ordinary stamps. 
The two stamps are intended to 
strike about 400 blows per minute, 
or 200 blows to each stamp j and 
it is claimed by the manufacturers 
that they will stamp flue one ton 
or more of hard rock in one hour. 
^ , It is automatic in its action, cams 

- ^— . being adjusted upon the upper ends 

■ ^— _ of the stems and operating the 

^^^^ valves as the stems move up and 

__ _ down. The following data wiU 

— =-^==— show the force with which the 

\\ iiid I s --leam St imps htamps may be made to strike : 

InchcB. 

Diameter of cjlmder, 5f inches, area in square inches 24. 8 

Diametei ot uppei piston lod 2 inches, ai-ea in square inches 3. 1 

Total are.i ot piston foi down ^)ressure of steam 21,7 

Pouuds. 

Multiply by pressure of steam in the boiler, (70 pounds) 1, 519 

Add weight of stamp and stem 492 

Whole force of blow 2, Oil 

This shows a force of about one ton, sind it is so considered by the 
inventor. The steam-pressure at the battery is usually less than stated, 
say 65 pounds. The length of the cylinders is 7^ inches, and the thick- 
ness of tiie piston is 3 inches ; there is therefore room for an extreme 
stroke of 14J inches, but an allowance must be made for the wear of 
shoes and dies. In setting up the machine an allowance of five inches 
is made for this, a space being left of this length under the piston, 
when the shoes and dies are new. This leaves a space of Q^ inches for 
the movement of the piston ; but in practice it is not run over 6 Inches, 
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tills stroke or fall of the stamp being found to be quite siifflcient. To 
vary the length of the stroke, the position of the cam is varied upon 
the top of the stem, being screwed down for long strokes and upward 
for short strokes. The screw thread is not cut so low as to make it 
possible for the piston to strike the cylinder-head. 

The dies are made in the usixal way, and are recessed to a depth of 
an inch in the bottom of the mortar, which must be bedded upon a 
firm foundation. 

ADAPTATION OF STAMP BATTERIES TO QUARTS; CBUSHINft. 

The action of stamps is peculiarly favorable to the extraction of free 
gold. The metal, except in rare cases, is best liberated by simply break- 
ing up the quartz without any grinding or rubbing. Trituration rapidly 
cuts up and disseminates the goM in such an extreme state of division 
that it passes off in the water and cannot be recovered. These obser^'a- 
tions apply in general to all ores. The product from stamps is more 
granular and contains less fine powder and dust than that of agrinding 
mill. This is due not only to the manner in which the stiiff is acted 
upon, but also to tbe manner in which it is delivered. The constant 
swash of the material and the dash of the stamps carry the finer por- 
tion away, and only those portions remain which are too coarse to pass 
through the screens. Another advantage in respect to gold or any other 
malleable metal is that a direct blow merely flattens the particles with- 
oiit wearing them away, while trituration cuts and wears them away. 
Gold, also, when in coarse grains, by its great specific gravity settles in 
the lower part of the mortar under the sand around and between the dies. 
The 8W!\sh of the sand serves to keep the amalgamated copper plates 
«;lean and bright, and thus in the best condition to seize and hold the 
freshly liberated gold particles thrown into contact with them. 

Another reason of the great practical eflciency of stamps over other 
forms of apparatus for fine crushing is the feet that a wide range in the 
size of material fed is admissible. They act upon either fine or coarse 
material. Grinding machines require rock to be first broken up so that 
their surfaces may act upon as many fragments as possible at the same 
time ; but with stamps, the rock fed may vary &om mere sand to pieces 
three or four inches in diameter. All are crushed together, without 
clogging or causing an increased strain upon the driving-gear, however 
rapidly or irregularly they are fed. The constant flow of water through 
the mortar carries out the fine material and leaves the coarse to be 
further acted npon. 

DETAILS OF SEVERAL STAMP MILLS. 

In further illustration of the construction and working of stamp mills, 
the following det-ails regarding some of the principal mills of California 
may have some value. They are drawn from the manuscript notes of 
the writer, made at dift'erent times during visits to the mines and 
mills. 

The 40-stamp mill at the Hayward Mine, Sutter Creek, Amador 
County, had in June, 1866 : 

Stamps in batteries of five stamps each. Battery boxes of wood. Low 
trough mortars of cast iron. Weight of stamps, 45U pounds each ; eleven 
inches lift; 80 blows per minute. Dies seven inches across face; both 
dies and shoes are used until they are completely worn out, (from four 
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to six weeks.) Height of discTiarge-opeiiing eleven inches above dies; 
different heights from nine to fourteen inches have been tried, but the 
li;eight of eleven inches has been found to give the best I'eaults. Screens 
on one side of the battery only and made of the best Russia iron, No. 
11, punched with vertical slits a little over half an inch in length. 
These screens are narrow, the delivery being through a vertical height 
of two inches only. As the openings in the screens wear most rapidly 
upon the lower ends, the screens are reversed after each run. 

The amalgamation is effected in battery, the gold collecting chiefly 
upon an am^gamated copper-plate at the delivery, directly back of the 
screens. This plate is four inches wide and is slightly inclined inward. 
The amalgamated particles of gold aceoinulate upon this plate in a thick 
even coat which can be removed in heavy cakes by the aid of chisels. 
This plate must be placed at the proper angle with due regard to the 
velocity of the movement of the stamps and the quantity of water used. 
The pitch must be just sufficient to keep it clear and no more. The 
apron, outside, is not made of copper, as is usual, since the progress of 
the amalgamation can be judged of better without it. 

It is found that the quartz crushes faster wlien there is not an over- 
supply of water. Eighty drops of the stamps per minute are necessary 
to keep the materials properly in motion. 

"When the amalgam is collected, the stampsare "hungup,"t]ie screens 
are removed, and the whole of the interior of the battery and mortar is 
accessible. The amalgam foimd upon the copper plate is chiseled off, 
and the ftagments are collected in iron vessels. It ia then broken up 
and softened by the addition of a little quicksilver. By this means any 
fragments of iron and admixed grains of pyrites are floated out to the 
surface and are washed away. It is then strained tbrough a piece of 
coarse unbleached cotton cloth, sufBcieiit of the liquid amalgam being 
taken to give a ball of hard, dry amalgam weighiiig about fifteen poixiids. 
At the clean-up witnessed by the writer, about 185 pounds of dry amal- 
gam were obtained in IS-pound balls.* It was then retorted in an ordin- 
ary pot retort with a long beak or tube of wrought-iron pipe. The re- 
tort being luted and closed ia placed in a rude furnace ui the open air, 
and a wood Are built on the top and increased gradually. It is estimated 
that the amalgam ■wUl yield about one-third of its weight of bullion, or 
about $95 in value, to each pound of amalgam. 

At the Eureka Mill, G-rass Valley, in 1866, there were 20 stamps, 
815 pounds each, 10 inches Mix screens raised three inches above die- 
facCj and five inches in front. "Worked well: did not cut. No amalga- 
matiou in battery ; the sands collected on blaukets and copper plates 
amalgamated below the blankets. Twenty tons crushed in eleven 
hours. 

Allison Eanch in 1865 worked 12 stamps of 1,000 pounds each, 10 to 
12 inches lift, crushing about 40 tons a day. These stamps were made 
upon the old-fashioned pattern, with wooden stems and square heads. 
No quicksilver was used in the battery ; the pulp flowed over blankets, 
and the sands deposited were worked in Attwood's eoucentrator, and the 
waste passed through the Lawtou pan. Eourteen Lawton bowls were 
used, and were said to save from |1,000 to $1,200 a month. Sulphurets 
were concentrated in a long rocker, a square box-trough, giving from 
five to seven tons a week of concentratet.1 sulphurets. 

At the Meniinac Mill, of 10 stamps, the amalgamation was effected 
in battery. The copper plates are one-eighth of an inch thick and about 

* The yield in tlvis case ivas fi'oni alioiit 7B0 tous of the f[iiartz, or a two-weeks run. 
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four feet long. Stami>B weigh 740 pounds each ; 3-inch stems, 16 inches 
long ; 11 iuehes to 12 inches lift ; delivery four inches above the top of 
dies. 

At Eocky Bar Mill, 16 stamps, weighing 1,025 pounds, or an average 
of 1,000 pounds, each. 

Jefferson Mill, Brown's Valley, 12 stamps, four in each battery ; 750 
pounds each stamp ; not lifted high but run fast, (72 to 75 drops per min- 
ute,) the quartz being soft. Blankets and a long sluice below them. 
No. 4 screen; four inches from top of die to discharge. 

Sierra Buttes Mills, near Downieville, two mills, 12 stamps each ; four 
stamps in each battery; round stems and heads ; weight 600 pounds in 
upper mill, 640 pounds in lower. Strike 60 to 67 blows per minute, and 
from nine to twelve inches fall, depending upon the wear of the diea, 
Delivery Ave inches to five and a half inches above die. No copper 
plates in battery. No. 4 screens, 14i holes to the inch, Bussia iron. 
They clean up once in 60 days, and 66 per cent, of the whole yield is ob- 
tained in the battery, including the front plate attached to mortar. 
Blankets were used for some time below battery, but were replaced by 
amalgamated copper plates, extending for 40 feet below the battery, and 
having a slope of one in twelve. 

TahU elioiiAitg worlc dntie, li\j mllU Oi 
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The data of measurement of tons are from estimates by the book- 
keepers or the mill superintendents, and may not be accurate within 12 
per cent. 

At the Bigler Mill, Clear Creek district, June, 1866, there were ten 
stamps; two Hunter's concentrators; one of Hendy's or Prater's con- 
centrators. The order of succession of the fall of stamps was 1, 4, 2, 
5, 3. The amalgamation was eftected in batter^ as much as possible. 
Two amalgamated copper plates were used, one six inches wide between 
the top of the dies and the screens, the other six or seven inches wide, 
placed at the back of the mortar under the feeding chute; both plates 
being Inclined inward so as to be washed dean by the swash of the 
water. 

At the celebrated Gould and Curry Mill, as first arranged for dry 
crushing, the stamps were placed in batteries of five each, and a belt 
32 inches wide drove two batteries, (or ten stamps.) 

As appropriate to this part of the re.port I insert interesting details 
concerning the Mettacom Mill stamp batteries at Austin, Nevada, Those 
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particulars were obtained by Mr. Eaymond, ahd I extract them from 
iiis chapter upon metallurgical processes : 

The weiffht of the stamps is nearly 900 pounds each. There is not so nmcii cliffev- 
enee of opinion now as formerly among good mill-nieii as to the proper weight for 
atampa. Aa the amount of horse-power (and hence of fuel) required to run a battery 
depends directly upon tliis weiglit, it has been neoeaaary to find, ont by experience 
wliether heavy blows do as much ■work in proportion as lighter ones, and where the 
proper medium lies. The question lias quite as much to do with the discharge as with 
the crushing. The blow of the stamp not only pulverizes the rock, but drives it out- 
ward through the soreens. In dry-stamping this is the only force which effects the 
dtachaige. ^ence the weiriit of the stani^ should not be so great as to necessitate 
^ow ruanlttg. Probably 7S) to 800 pounds is the best weight for general use ; tlwugh 
if all mills were run as skillfully as the Mettacom, even 900 pounds would not be too 
heavy. 

The stems are Si inches in diameter. The usual siae is 2J, and these stems are, there- 
fore, nearly W per cent, stronger and heavier than ordinary ; the proportion being as 
the squares of the diametera. The advantage of puttiug a larger proportion of the 
total weight into the stem ia the diminished vibration from the blow on the tappet. 
The stems should ill ways be fitted as closely as possible to the guides ; but li^ht stems 
spring or bend, and wear the guide in rising. There is no wear of thia kind in falling, 
BO long as the stem is true. The stems are set 8J inches apart, the boaaea and shoes 
work within about two inches of each other, and the distatiee between the tappets ia 
about three-fourths of an inch. The whole length of each battery-mortar ia therefore 
about 5 feet 6 inches. 

The oam-shafb is rigged with single cams. The old fashion of triple cams is now 
about obsolete; but ftie usual form is the double cam, which many mill-men still 
prefer, cMming, thftt as it gives two drops of the atamp for each revolution, it saves 
motion in gearing, and enables the battery, to be run at high speeds without running 
the engine as fast. These and other arguments for the dou we cam only prove that it 
suits me maohiuery whioh has been cSoalated for it. As a matter of fact, however, 
I have never seen double-cam batteries equal the single cams in speed; and I think 
Mr. Howell is right in claiming the advantage for single cams, that the slioulder can 
be brought directly under the tappet, so as to prevent catching. With the ordinary 
double cam, the shaft must be aet mrther back fi:oiu the stems, and the cams are easily 
caught and broken. 

This subject is directly related to the speed of the battery. The Mettacom mill has 
vindicated triumphantly the wisdom of its peculiar features by the most estraordlnary 
running on record. For months togetlier the batteries have been kept at from 98 to 
100 drops per minute, rising to 102, or even IK, and never falling below 94 ; yet there 
has never been a cam broken in the mill. TJie Manhattan, an exoeilent mUl, with 
double cams and stamps weighing only 750 pounds, cannot safely mn on the same ore 
at higher speed than 85 to the minute, and Mr. Curtis, the able superintendent, with 
the performances of the Mettacom before his eyes, naturally declares himself In fiivor 
of the single cam, which would enable him to run his baijteriee up to 110 per minute. 
The Mettacom stamps fall 10 inchea. The original drop was 9^ inches ; but it waa iu- 
cremied to ease IJie cams and give less jar. The rebound of the stamps amounts some- 
times to 1^ inches. Strange to say, the highspeed maiutained has not caused excessive 
necessity of repairs. On the contrary, the hatiery has stood the strain better than any 
other within niy knowledge. Even the shoes and dies, which were not supposed to l>e 
unusually good, being bought for ordinary hard ii'on, lasted for five months of continu- 
ous rnumng without being replaced. This fiict cannot be adequately explained. Prob- 
ably that particular set was a lucky east. Ordinarily, it would have worn out in about 
sis weeks; but I do not doubt that the heavy charges put through the batteries at high 
speed protected Hie shoes and dies ftom pounding on one another, which they are quite 
l&ely to do in ordinary mills, especially when the feeder is careless. A mill running 
at 100 to the minute keeps the feeder busy; and he does not wait £>r a stamp to 
thunder ont, by pounding on its auvil, that it has finished its last mouthftal and wants 
another. 

A fact not to tie overlooked in this conneetion is the great solidity of the battery 
frame and foundations. Nine-tenths of the stamp-milla ordinarily erected would raok 
themselves to pieces if mn as the Mettacom has been, without breaking so much as a 
bolt. 

The gain in quantity of ore crushed is more than proportionate to the increase of 
speed. As I have remarked, this quantity depends, in dry-crushing especially, on the 
discharge. I siuM speak of that presenUy, aa it regoida (lie arrangement of screens ; 
but I now refer to the frequency of the drops which aupply the direct impulse and the 
air shock, by wbiehthe dry "piilp''ia driven through thescreens. Mr. Howell found 
by experiment that with 60 drops per minute he oould put through in twenty-four 
hours only about 4i tons; 90 drops gave a little over 10 tons; and 102 drops nwce tAon 
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The increase of speetl from 60 to 102, or 70 per cent, iiicreaaed. the jield firom 4J to 
15^, or 344 per cent. To this ahonlil be ndded the gain in wages, interest on capital, 
&c., secnred by rapid running. This comparison does not &u'ly apply to wet-cruslling, 
though I am satisiied thut in that process also higli speeds are tne best. But the dif- 
ference is not 80 startling. Most wet^ernahing mUls come pretty neat the average of 
li tons crushed in twenty-four lionrsper horse-power developed by each stamp. But 
tbe above table shows a variation &om 0.33 tons ftt 60 to 0.70 at 102. The perfomiauce 
of the Manhattan miU is about 0.45 ton emshetl in twenty-fonr hours per horse-power 
developed by each stamp • and this is a fair, perhaps a high, average ior such mills. 

When the throat of the battery is open, the pulp will be thrown both ways, aiid 
some of it comes back on the feeding-floor. This indicates a fact too often ignored in 
the eonstmction of mortars, namely, that since the impulse given by the stamp is 
radial in all directions, the Rreatertbe surfeceof dischaiae the higher will be the duty 
performed. The Mettacom batteries are not perfect in tlrie respect. They have only 
a single front discharge, but this is 18 inches high, instead of 12, as is usual. It is 
noticed that the fine pulp comes mostly through Qie upper six inches, and hence, in 
most batteries, would be thrown back into the mortar until it fonnd exit below, va- 
rious forme of mortar with increased discharge have been recommended. Themax- 
imum discharge per stamp is attained by Clayton's circular mortar, containing only 
one stamp, ITiere are also mortars with universal discharge, in which the screens go 
iill the way round, being cwved at the ends. The most common are the double dis- 
chargers, having screens in front and behind, and the ifeed over the rear screen. The 
olijectjon hitherto made to all arrangements involving cnrved screena is the diiBonlty 
of properly stretching and keying t&em, while in dry-crushing, even a rear screen is 
found to be inconvenient on account of breakage fmm coarse ore. Mr. Curtis, of the 
Manhattan, however, prefers a double discharge, while Mr, Howell cares more for end- 
dischargers. The Mettacom end-stamps are hang with three-eighths of an inch more 
fall than the others, and still do lees work. The order in. which the stamps fall varies 
in different mills, and for wet and dry crushing. The two extremes to be avoided ta« 
a simult^ineons drop of all the stamps, which would rack the frame, strain the engine, 
destroy the continuity of discharge, and probably break the screens: and a drop in. 
regular snccession, (1,2,3,4,5,) which would shove the ore to one end of the mortar, 
and give the stomps at one end too mnch, and at the other end too little, to do. S6me 
mill-men prefer to arrange the succession so that no stamp shall immediately follow 
its next neiahhor. The ordeiw 1,4,S,B,3; 1,3,5,2,4; 4, 2, 5, 1,3, would satisfy this 
condition.. Others prefer dropping the two-end stamps fiiBt,as 1, 5, 2, 4, 3, or 1, 6, 4, 2, 3, 
The wave of dischai^e or splash of the water throngh the screens in wet-cru^ing 
is tD be taken into consideration. In dry-crushing, Uie objects to be secnred are an 
eqnal distribution of ore nnder the stamps, giving an equal work per stamp, and a 
uiaximum disoban^e of pulp through the screens. The latter eeems to be best secnred 
by leljting the middle stamp drop last. The enter stamps ehoukltben have slightly 
longer cams, to increase their fall. It will be found that the central stamps take and 
disMbutenearly'all the feed. Much depends on the skill and fidelity of the feeder, in 
both kinds of crushing. Hence the antomatic self-ieeding batteries used in Cornwall 
haveibnnd little fevor in this country. They do not "humor" the stamps; and the 
diSerence in regnlari^ of running and in duty peiformed is more than equivalent to 
the wages of a good feeder. 

The screens of this mill are No, 40 brass wire, (1,600 meshes to the square inch,) 
which is preferred for dry-crushing to the " Eusaia-punohed." The latter are frequently 
preferred by mill-men in wet-crushiug, on acconnt of alleged greater durability, or in 
the belief that slite are better adapts to discharge liquid pulp than meshes, I take 
leave to doubt, boweTer, whether these advantages m any case counterbalance the 
greater proportional discharge-area otfered by wire screens. The Mettacom screens 
are not vertical^ but lean outward about 10 degrees. The pulp generally goes through 
obliquely, and is as fine as the siftinge of a horizontal No, 60 sieve. The angle given 
has been established ae the best for dry-cmsliing. The gain in amount of diseliarge, 
wet or dry, ftom inclined screens, ie universally recognized ; bat luill-men do not eo 
generally bear in mind that the screen so set should be a Little coarser than the fineness 
required for the pulp, if the best results are to be obtained, Mr, Howell's observation 
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16 that Biamps ordinarily ornsli faster than, the Iiatterios discharge. He has often put 
the pulp hack through his batteiy, and found that it took about as long to go through 
a sfcesh rock. Bunning slow gives the fine dost a chance to fall back under the 

.J. ; — .■■.„j. i.,,.^g j(. ccngtantly iu motion, and much of it gets out. I veu- 

leratious baaeu. upon the fijregoing fkcts, and calculnted, I 



j6 diaoharge. The object of the mUl-man should bo t( ^ 
., ^ . d Irom Ina stamps, and then to give them snoh facilities for 

discharge as that erer; drop shall do its full work in ernshinu;. The increase of the 
dischaTKe-area is the Urst and m^st obvious means, and a nsefufauKiliarf will, I think, 
be fouad in producing a cnirent of air with a fan, which shall suck or drive the fine 
dust through the sieve. I have seen eshansting flias apjdied in this way in several 
mUls, There was one in the Sheha, at Star City, Humboldt Couuty, and there were 
several in the early Austin mills, which were finally condemned. Mill-men ore too 
ready to reject such appliances aa soon as they cause a little trouble, whether through 
faulty consfci-uotjon or careless management. But this point wiU be found too import- 
ant i» be dismissed so easily. I do not remember ever in my life seeing a stamp mill in 
which the difSoulty of discharge did not really delay the work of crushing. The ex- 
treme of excessive discharge, which would do no l^rm, is carefully avoided, and no 
one can tell to this day how much the stamp now in use could be made to do by 
simply improving batteries in this respect. The tide of invention is, it appears to me, 
running the wrong way. We have innumerable devices to increase the Mree and effl- 
oienoy of the blow of the stamp, whioh is already in advauce of the vest of the ma^ 
chinery, while the inventions for improving tlie mortars and dischargee are few, gen- 
erally unperfeot, and regarded with too little fiivor by those practical mOl-men who 
are iU.one oompetent to take hold of them aiLd perfect them. 

The screens at this mill last nearly four weeks. Wlien the threads wear thin they 
begin to shift, and the screens must be removed. They are turned to prolong the 
wear. The middle of the screen lasts longest. The dies, when new, come up to within 
about one inch of the lowest portion of the discbarge. It is very important to make 
this interval, called the "height of issue," as small as the screens will bear. The dies 
used for five months wore away about 1^ inches, and the introduction of new ones 
raised the capacity of the battery nearly two tons par day; Muoh lironble was expe- 
rienced in keeping the dies in their places in the bottom of the mortar. Finally, ISO 
pounds of melted lead was pow^ va, filling the mortar-bed about one inch. This is 
fi>und to work well. I think that for dry-crashing a single die, filling the whole bed, 
would be better yet. When it wears on one side it can be turned, and so nsed tiU it is 
worn out. This is a German plan, and used Buocessfully in some dry-crushing mills 
managed by Germans in this coimtoy. 

The foundation of a battery is the moat important part of its construction, and it is 
the feature most neglected in this country. Few mill-owners like to put so muoh 
money "out of sight ;" the work of preparing foundations is parsunonioualy, ignorantly, 
or carelessly managed ; and the result is that the batteries cannot be mn at high speed, 
. and even at low speed they ara contin-nally settling, or getting out of line, 'ttie great 
efficiency and stabUity of the Mettacom in ill is due to its carefully-prepared founda^ 
tion. The mortar-blocks are set on end, upon solid bed-rook. They are nine feet 
deep. Before placing them the rock was thoroughly smoothed and leveled, and the 
bottom of each block was planed true. The upper ends of the blocks being (aa is the 
case with all large timbers) sun-cracked, melted sulphur was ponred into the cracks. 
The mortars are set on the blocks and screwed dowu tight. If screwed (as is fte- 
qnently the ease) directly to the blocks, they will in a few months get loose, and rock 
and aajid will work between, putting the maohinery out of plumb ftnd endangering 
the mortar. To prevent this, two thicknesses of blanket soaked in tar were pnt be- 
tween the mortars and the blocks. An arrangement was made by which the settling 
of the mortars could be measured. It is found that after more than a year of steady 
running they have sunk imiformly less than one-fourth inch — doubtless due to the 
compression of the blankets. The freedom firom jar in the mill, while the batteries 
were running at tremendous speed, impressed me as decisive jiroof of the utUity of the 
arrangemente described. There is, however, some vibration in the cam-shaft, which 
diould have been five inches" instead of four in diameter. Mr. Howell recommends 
aJao heavier bearings. The latter are now eight inches, and should be ten. No Bab- 
bitt metal is used in the upper box ; it cannot' be kept in, and smooth iron is therefore 
E referred. The battery, running at 98 to 100 per minute, requires about twenty-two 
orse-power, whioh is perhaps a little more than half the power employed in the mill, 
and cmshes easily seven tons in twelve hours. This beinK about the usual duty for 
twenty-four hours, the rest of the mill, especially the reverberatories for roasting, cal- 
cnlatod on that basis, cannot come np to the capacity of the battery: and this great 
defect in the origiufj plans has never j^et been remedied. I have frequently found 
mills ill which tlw capacity of the roasting or aiualganiating apparatns is quite uu- 
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Buited to that of the batteries. In eucb cases the extra machinery is pcactieaJly good 
for nothing, since the capacity of a mill ia determined by its least adeqnate part. The 
Mettacom batteries must eitW run hut twelve hours daily, or they mnst run for a 
longer period at full capacity, and then stand still nntil the surplus of the pulp has 
been roasted. 

AUSTRALIAN MACHIKBBY AND STAMPS. 

Next to California and Nevada, Australia is the country in ivliich tlic 
greatest number of stamp mills have been erected, and where experience 
more nearly equals oar own. It is thus important to glance at the 
extent and character of Australian mechanical appliances, and, as far as 
possible, to compare tliem with similar machines in this country. 

The mineral statistics of Victoria for 1868 give some very interesting 
particulars concerning the weight and cost of st-amp-heads and shanks 
and lifters, the quantities of quartz crushed per diem, the number of 
holes per square inch in the gratings, the quantity of water used and 
the quantity of quicksilver used and lost. They have reference only to 
the principal gold mines in the several districts ; but they will not on 
that account be less naeful. 

In the Ballai-at mining district the stamp-heads and shanks or lifters 
vary in weight from 4 hundred weight to 8 hundred weight 2 quar- 
ters, and the cost is from £3 17s. 6d. to£1510«. The height the stamp- 
head falls ranges from 7 to 10 inches. The number of strokes made by 
stamp heads per minute is from 60 to 85. The quantity of quartz 
crushed per head per diem of 2i hours varies from 1 ton to 4 tons. The 
number of holes per square inch in the gratings used is from 40 to 200. — 
(The latter number is made use of by the Victoria company at Cluues ; 
the grating is fixed at the back of the stamper-box.) The horse-power 
required to work each stamp is from 1 to 3. The quantity of water used 
per stamp-head in crushing varies from 950 gallons to 8,640 gallons per 
diem of 24 hours. The quantity of mercury used in the ripples per 
stamper ia from 5 to 75 pounds. The quantity of mercury lost per 
stamp-head per week .varies from 1 ounce to 8 ounces. 

In the Beechworth' mining district the stamp-heads and shanks or 
lifters vary in weight from 4 hundred weight 1 quarter 17 pounds to 7 
hundred weight 3 quarters, and the cost from £5 3s. 6d, to £1$ per head. 
The height the stamp-hcEids fall varies from 5 inches to 14 inches. 
The uumber of strokes made by the stamp-heads per minute is from 40 
to 90. The quantity crushed per head pei' diem of 14 hours ranges ftwm 
16 hundred weight to 4 tons. The number of holes pfer square inch in 
the gratings used is from 60 to 140. The horse-power required to work 
each stamp-head is from 0,75 to 1.50. The quantity of -water used per 
stamp-head in crushing varies from 720 gallons to 11,520 gallons i>er 
diem of 24 hours. The quantity of mercury used in the ripples per 
stamper is from 5 to 70 pounds. The quantity of mercury lost per 
stamp-head per week varies from J ounce to 8 ounces. 

In the Sandhurst mining district the stamp-heads and shanks or lifters 
vary in weight from 5 hundred weight to 8 hundred weight, and the cost 
from £4 5s. to £8 Us. The height the stamp-heads tkll varies from 6 
to 18 inches. The number of strokes made by stamp-heads per minute 
is from 25 to 75. The quantity of quartz crushed per head per diem of 
24 hours ranges from 18 hundred weight to 3 tons 3 quarters. The 
number of holes per square inch in the gratings used is from 64 to 140. 
The horse-power required to work each stamp-head is from 0.66 to 2, 
Tlie quantity of water used per stamp-head in crushing varies from 4,000 
gallons to 8,640 gallons per diem of 24 hours. The quantity of mercury 
used in the ripples per stamper is from 10 to 40 pounds. The quantity 
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of mercury lost per stamp-head per week varies from J ounce to 5J 
ounces. 

In tlie Maryborough mining district the stamp-heads and shanks or 
lifters vary in weight from 4 hundred weight 2 quarters to 8 hundred 
weight, and the cost from £4 ISs. Qd. to £8 lis. QO. The height the 
stamp-heads fall varies from 6 to 22 inches. The number of strobes 
made by stamp-heads per minute ia from 50 to 75. The quantity of 
quartz crushed per head pei- diem of 24 hours ranges from 1 ton to 3 
tons. The number of holes per square inch in the gratings used is from 
70 to 144. The horse-power required to work each stamp-head is 
from 0.50 to 2.50. The quantity of water used per stamp-head in crash- 
ing varies from 900 to 8,640 gallons per diem of 24 hours. The quantity 
of mercury used in the ripplea per stamper is from 3 to 30 pounds. The 
quantity of mercury lost per stamp-heEid per week varies from 1^ ounces 
to 8 ounces. 

In the Castlemaine mining district the stamp-heads and shanks or 
lifters vary in weight from 4 hundred weight 2 quarters to 8 hundred 
weight, and the cost from £4 2s. 6d. to £21 lis. 6d. The height the 
stamp-heads fall varies from 6 to 15 inches. The number of strokes 
made by stamp-heads per minute is from 35 to 75. The quantity of 
quartz crushed per head per diem of 24 hours, ranges from 1 ton to 3 
tons 5 hundred weight. The number of holes per square inch in the 
gratings used is from 40 to 144. The horse-power required to work 
each stamp-head is from 0.50 to 2. The quantity of water used per 
stamp-head in crushing varies from 4,800 to 12,960 gallons per diein of 
24 hours. The quantity of mercury used in the ripples per stamp is 
ft^m 6 to 40 pounds. The quantity of mercury lost per s1:amp-head per 
week varies from J ounce to 24 ounces. 

In the Ararat mining district the stamp-heads and shanks or lifters 
vary in weight from 5 hundred to 6 hundred weight 3 quarters, and the 
cost from £7 to £8 Ss. The height the stamp-heads fall varies from 
7^ to 10 inches. The number of strokes made by stamp-heads per 
minute is from 60 to 72. The quantity of quartz crushed per head per 
diem of 24 hours ranges from 1 ton 5 hundred weight to 1 tou 10 hun- 
dred weight. The number of holes per square inch m the gratings used 
is from 90 to 120. The horse-power required to work each stamp-head is 
0.75. The quantity of water used per stamp-head in crushing varies 
from 4,320 gallons to 12,960 gallonsper diem of 24 hours. The quantity of 
mercury used in the ripples per stamp is from 6 to 47 pounds. The 
quantity of mercury lost per stamp-head per week varies from J ounce 
to 7 ounces. 

In the Gipp's Land mining district the stamp-heads and shanks or 
lifters vary in weight from 6 hundred weight to 7 hiindred weight 2 
quarters, and the cost from £5 6s. to £40. The height of the stamp- 
heads fall varies from 7 to 10 inches. The number of strokes made by 
stamp heads per minute is from 60 to 80. The quantity of quai-tz 
crushed per head per diem of 24 hoiu-s ranges from 1 ton 10 hundred 
weight to 2 tons 1 hundred weight. The number of holes per square 
inch in the gratings used is from 70 to 25p. The horsepower required 
to work each stamp-head is from 0.75 to 1.50. The quantity of water 
used per stamp-head in erushiug varies from 1,600 gallons to 25,000 
gallons* per diem of 24 hours. The quantity of mercury used in the 
ripples per stamp is from 10 to 37 pounds. The quantity of mercury 
lost per stamp-head per week varies from ^ ounce to 32 omieeS; 
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It will be iuterestiug, also, for comparison with our own statisfies, to 
note the present number of machines in use in Victoria, Anstralia, for 
different mining purposes. The following statement shows, approxi- 
mately, the number of miners employed, the msichinery in use, and its 
value in the several gold fields in the colony, &c., compiled from the 
mining surveyor's and register's reports for the quarter ending Septem- 
ber, 1869. 

The number of miners (including 16,393 Chinese) engaged in alluvial 
and quartz mining was 68,684. 

Machinery for alluvial mining. — Steam engines nscd in pumping and 
winding, 422 ; horse-puddling machines, 1,797 ; whims, 392 j whips or 
pulleys, 310 ; slnicea, toms, and sluice-boxes, 18,740 j hydraulic hose, 13 ; 
pumps, 992 : water-wheels, 303 ; quicksilver and compound cradles, 
281 ; stamp-beads crushing cement, 652 ; boring machines, 21, 

In quarts mining. — Steam engines used in winding, pumping, and 
crushmg, 656, with an aggregate of 12,308 horse-pOwer; crushing ma- 
chines, driven by other power than steam, 67: stamp-neiids crushing 
quartz or other vein stuff, 6,200 ; winding, washing, pumping, or other 
machines, moved by water-power, 6 ; whims, 544 ; whips or pulleys, 440. 

Approximate value of mining plant, £2,219,658. Niimber of square 
miles of auriferous ground actually worked upon, 892J. Number of dis- 
tinct quartz reefs actually proved to be auriferous, 2,808. 

WdgM and cost of afampi, the quantity nf gaarta crushed pel- stamp, ^c, at tome of the 
pi-incipal gold lainea in Ansti-alia. Compiled feoni the "Mineral Staiwkee of Victoria" 
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STAMP-nATTEEIBS OF POET PHILLIP. 

For the purpose of comparing our methods in Calitbmia with those in 
Australia, the following notice of the Port Phillip Company's mines and 
mill, at Clunes, Australia, is added to the foregoing descriptions. This 
company mines upon five veins, with an aggregate diivage of 25,590 
feet, equal to 4^ miles. The depth of the main shaft is 404 feet ; length 
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of tramways on the surface for the conveyance of qnartz and refuse, 
2,500 feet," single-track; engine for hoisting and pumping at the two 
shafts, about 85 horse-power. The costs of mining and raising the 
quartz average about 13s. per ton. The large masses of qnartz are passed 
through rock breakers, of which there are two. The number of stamps 
at work is 80 ; of these 56 weigh about 600 pounds each, including the 
lifter. They give about 76 blows per minute, require about 1 horse- 
power per stamp, and crush an average of about 2 tons 4 hundred weight 
per head pei 24 hours The rem-unuig 2i stamps weigh about 800 
pounds each, includmg the lifter, give TSbSows per minute, require in 
the aggregate about SO horse power, and crush about 4 tons per head 
per diem. These stamp'^ ha^e the larger portion of the small quartz 
delivered to them The quantity of water required to work the stamps 
efficiently is about eight giUons per he id per minute, being 921,600 gal- 
lons per diem 

The construction of the batterie-> ind the method of saving the gold 
in troughs is shown in the -uscomp j,nj mg illustration, giving a section 
through tlie bitteiy 

6 is the lower end of the self- 
feeding hopper, with a spring, 
c, below it. Just below this 
is the water-ti-ough d. The 
stamp-lifter or stem is made 
largest at the lower end, so as 
to be wedged into the head / 
by a key at the side, in this 
respect being very different 
from the method of attach- 
ment in California. The head 
is cist also in one piece, with- 
out ashoe, and isrenewed when 
too much worn. The die g is 
placed loosely in the bottom 
box or bed h. The delivery 
IS through grates upon both 
sides ot the battery, at e, e. 
A peiforated plate, j, serves 
to retain any coarse particles 
thrown out, and the stamped 
material, passing tlirough this 
.plate, falls into the mercury 

Section of the Battctv of tl o PiiUip Con panj CI «. boxeS ft, fc, t, and thOUCe UpOU 

along line ot blanket strikes, the extreme upper end of which only 
is shown in the cut These stiakes are each several inches broad, 
and there are nine in suct.esMon, one below another, with a mercury-box 
at the low er end, through which the material passes before entering the 
waste-trough This merciirj box serves to catch any fine particles of 
gold that may have passed the blankets and any stray globules of quick- 
silver from the upper boxes.* 

* The amaJgam which sloivly HCcnmulateB in these Ijoses has been found to be iim 
crystalline condition, and, according to Mr. George F. Ulricli, tlie mineralogist, contains 
only a small pereentace of quicksilver, with a rflatively fixed percentage of gold, and 
forms true crystals, whioli, nnder the action of nitric acid, do not become loose and 
spongy, but tsike tlie appearance and lustre of solid gold crystals. They aie nsnally in 
modined and distorted octahedra, and are sometimes prismatic. 
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STAMP-MILLS IN liRA' 



Thii stain p-milla, carrying in the aggTegate 130 stamps, iu iiau at tlie 
Mono Velho mines in Brazil are constructed npon the Ooniisli pattern, 
except that eacli lifter lias foar iron guides to keep it in position. When 
new, one of tliese stamp-heads weighs 230 pounds, and when worn-out 
only 59 ponnde. The average weight may be considered to be 150 
pounds, and the dnration about four months. The total weight of the 
Mtamp, with lifter, shank, &c., is about 640 pounds. The battery-box is 
made of wood and lined, with sheetriron. The distance l)etween the heads 
and the sides of the coffer is about three inches. The batteries are 
self-tfeeding. The grates are nineteen inches long and nine iuchea wide, 
and are made of sheet-copper, pierced with conical holes one-twelfth of 
an inch in diameter outside and tapering to one-forty-eighth of an inch 
on the inside. These copper plates are Ibnnd to be, on the whole, more 
durable than iron. Further particulars of practical value may be ob- 
tained from the following tabular statement, given by Mr. J. Arthur 
Phillips, from the manuscript notes of Mr. P. Dietzsch, the superintend- 
ent of the reduction works : 
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The product of stamping issuing from the grates iu front is diluted 
with {;lean water as it runs, and is conducted over inclined tables or 
wtrakea about eighteen inches wide and from twenty -seven to thirty-fivo 
foet in length, with a fall of one inch x»er foot. Bullocks' hides, tanned 
with the hair on, are spread over the first sixteen feet of these strakes, 
and baize cloths are placed below, followed again by another series of 
overlapping skins. These skins and strips of baize are washed at regu- 
lar intervals in separate tanks. The deposit on the first three skins is 
known as head-sand, and amounts to 0.42 of a cubic foot per ton of ore 
stamped. This sand goes to the amalgamating house. The "middle 
.sand," from sliins S"os. 4 and 5, contains some six ounces of gold per ton, 
iind is further enriched by being washed over another system of strakes. 
The products below the lifth skin ai'e known as "t-ail-sand,"and are sub- 
jected to further concentration. "Mr. Dietzsch remarks that straking 
(uay, on the whole, be considered a cheap, simple, and economical pro- 
cess, by which G7 per cent, of the gold originally present in the ore is 
obtained in a highly concentrated state, while the 33 per cent, which 
escapes is in two distinct forms — first, light free gold; aecoiid, gold 
iiiclowed in the coarser particles of pyrites,"" 
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The diineusioiis and products of tlie strikes are given in tlie iiunexed 
table: 

Dimensions and products of atrake^ at the Morro Velko l\liaes, Biaail. 
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THE GEEMAN STAMP BATTERIES. 

In Germany the round stem revolving stamp has not been introduced. 
Sqnare stems of timber with squareheadsare the most common, and the 
cams are usually short projections from a large cylindrical wooden shaft, 
lifting the stamp by catching under a projecting tongue. The stamp 
stems are also made of rectangular iron rods, either single or bolted to- 
gether, and secured to the square shank of the stamp-head and shoe {all 
in one piece) by means of bolts. The head is about six inches square 
and nine inches high, ranging with the weight desired for the stamp. 

The mortar-box or coffer is made of planks lined with sheet-iron,* and 
the bed usually consists of stamped qnai'tz pounded in by the stamps or 
solid stone, or, better, of heavy cast-iron dies or anvils as long as the bot- 
tom of the mortar. These dies are simply rectangular masses with plane 
surfaces, and the upper die is lour inches thick. As a very firm and 
even foundation for it is necessary, It is found best to place it on another 
mass of similar form but heavier, from six inches to twelve inches high. 
In the cross-sections of batteries given beyond, these iron dies are seen 
at g and g. The lower of the two masses rests directly upon the ends 
of blocks of wood or upon heavy timber, which is supported uiwn cross- 
sills still lower, and these in turn upon masonrj-. When it is intended 
that the battel^ shall stand independently of the frame of the building, 
the foundations aice carried to a greater depth. The upperiron block or 
die of course is subjected to rapid wearingj and it is generally allowed to 
"Bear off for one and a half inch before it is turned over. When it has 
been worn out to this extent on both sides it is reduced to a plate only 
an inch thick, and is then broken up. These dies do not fit tightly be- 
tween the sides of the mortar; a little space is left, which is fiUed by- 
wedges, and when tliese are removed the die can be easily turned. For 
convenience of handling they are made with short projections at the ends. 

Iron is beginning to be used to some extent for batteiy frames and 
mortars, and Eittinger gives figures of end-posts, intended to receive 
wooden sides, being cast with vertical grooves for the purpose. Into 
these grooves the planks designed to form the mortar boxes can be fitted 
and then secured by drawing up the ijosts by bolts. The posts rise high 

' The reader, inclined to TfOnder that batteries so iugeuions and well-conatruoted in 
tinme other respects, stUI retain the wooden mortar, Bhould remember that they are not 
JjTiiJt for erusliiiig gold ore, and hence piirfeetlj' tight mortars are not required. 
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ciioiigb to receive cross-piec^ above, and at the base are expanded into 
tltree horizontal branches or feet so as to form a firm base by which the 
whole is boIt«d down to a massive foundation of masonry. It does not 
appear that the California system of anchoring the battery frame to 
masonry or heavy croes-eills is in nse abroad. On the other hand, tbe 
timber frames of stamp batteries are frequently iinit«d with the frame- 
work of the building in which they are placed, 

In the Eevue de I'Exposition i, page 154, mention is made of stamps 
constructed entirely of metal at Silberau near Ems, and shown by a 
working model at Kalk, A figure is also given which represents the 
stem as round and very light, with a screw-thread cut at the top, upon 
which the iron tappet is screwed like a nut. This method of attaching 
the tappets was formerly used in California, but it has been abandoned 
since the introduction of the " gib-tappet" already described. 

OVERFLOW BATTERIES. 

The overflow or float battery is the simplest form, and is made with 
nnmerous modifications intended to insure the best working results. 
The overflow may be along the whole front of the mortar-box, or at the 
ends alone, or at the front and ends; but in practice it is generally con- 
lined to the front and to two forms of the float battery : 1. That with 
the unobstructed overflow, the stamped stuff with the water being car- 
ried over the edge of the front wall of the mortar ; 2. The partition over- 
flow battery, or Seknbersats:, in which theoverflowisobstructedbyapar- 
tition descending below the surface of the water in the battery, leaving 
only a narrow slit or space through which the water and materials can 
flow out. 

Batteries of the first form are made with the overflow from 8 to 15 or 
18 inches above the bed, according to the fineness of the stuff required, 
being from 15 inches to 18 inches when particles of one millimetre in di- 
ameter are to be produced. For coarser materials, the height may be 
dimin^hed to 8 inches, and with this height particles five millimetres in 
diameter will be delivered. The amount of water required for each 
stamp varies from four-tenths to eight-tenths of a cubic foot per minute. 
Tiie awash in an open overflow battery will always carry over more or 
less of the coarse uncrushed fragments, particularly when the height of 
the discharge is not great, and it is to obviate this difflcult;^' that tlie 
partition float battery has been devised. 

In this fonn of battery the discharge takes place f 
through along and narrow slit, opening in the mortar at j 
a height of four or five inches above the die, and extend- 
ing outward and upward to the height which would b 
required for the discharge edge of an open battery. I 
the annexed figure, which is a section of the front part J 
of a mortar made of wood, this opening may be seen, 
extending from just above the surface of the bioken ore 1 
upon g upward to the top of the trough. The wall or ( 
partition between this narrow space and them tenor ot^^ 
the mortar-box is so fitted in that it can be taken out 
in order to clean the mortaror remove any obstructj'ui 
that may have lodged in the opening. If the shtiN^ 
placed too low in the mortar it is liable to be choked i 
It should not be less than three Inches abo\ e the die R 
It is also important not to have the opening too large, fi 
as the velocity of the upward flow of water would then f 
be diminished, and would not be suflicient to c my outL 
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the pulp without tlie use of a jnuch greater quautity of water tliao is de- 
sirable. It is evident that the quantity and flneness of the stuff deliv- 
ered by this outward flow of water may be regulated by the supply ad- 
mitted to the battery. The conaumptioii of water for sueh stamp, with a 
three-quarter iuch slit, varies frani two to three-tenths of a cubic foot per 
minute. 

GERMAN SCREEN BATTERIES. 

In the German screeu batteries, the screens are 
placed in the front, generally at a height of six inches 
above the die, and rarely at three inches when the 
quantitv of water ia great. 

The figure is a section of the front of such a battery, 
showing a method ot holding the screen S in place by 
means of a frame An opening of the length and 
breadth ot the screen, is cut out of the planking of 
the front of the mortar-box, and a rectangular iron 
frame is bolted or sciewed on to the inside of the box 
and projects so a« to form a shoulder three-quarters of 
I an uioh wide all around the opening. The screen be- 
ing placed m the opening flts against this projection, 

suauLj p ~ III. and is then held tightly by another frame or follower 

^^a k^wJ '^^^'^^ 18 movable and swings from binges above, and 

^y»lk P^^ 18 provided on its lower edge with a projecting ear 

p7-^ /j ^ that fits over a staple through which a wedge is driven 

[ ' to hold the frame securely in its place. With this 

i construction it is practi- 
cable to pla<« the trough 
r^ 1 for supplying water in 

[MWK^^^VfJ "71 the front instead of at 

^ig'L J[j"ijl the back as IS usual. In 

l«#SS— =i- ^^^ jjijj^ figme the two an- 

[il H vils 01 blocks of cast iron 

are seen at g and ^. 
The impurities of water flowing through 

the battery, especially floating objects such 

as sticks, grass, and the like, tend to grad 

ually close up the meshes or holes of the 

screens, and thus, by preventing the free 

exit of the crushed stuff, to. diminish the 

product. In order to prevent this, the 

tbrm known as the Stamatz, or stay-bat 

tery, has been devised by Eittinger. It 

consists essentially in bacldng water upj 

against the front of the screen, so that 

both faces are kept washed, and the i n 

purities dislodged by the swash, and not 

held fast in the holes by the constant pres 

sure of the outward current. This is a< 

complished by putting on an outer watei 

box or a plate in front, thus holding tie 

water against the face of the grate. The 

discharge is at the bottom, through one 

hole or escape-pipe, made conical in its Eittiuget'a .Stnmp Battoi-y. 

form, so that by slipping on caps of difterent sizes the aperture maybe 

varied at will, in order to increase or diminisli the flow. 
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The constnictioo of this battery may be understoDd from the engrav- 
ing, whicli is a seotioii throu^ii the center of the battery, showing the 
stamps; the bed, with the two iron dies; the water-box in front; the 
escape-pipe ; and in the rear of the battery tlie chute tbr automatic 
feeding, whicli is a common attachment to tlie German batteries, and 
nanally delivers the ore to the oeutral stamp. 

Eittinger* has compared the ftneness of the product of the two kinds 
of battery, the Btansatz and the Sohnbersatiz, each furnished with 
screens pnnclied with holes one millimetre in diameter, and iinds that 
the Staasatz or stay-battery gives much less slime than the partition 
floatrbattery. The following are the ftgiires which he gives in support 
of his statement: 



Size of parfcitlea. 



0.00071 
0.00051 
0.00035 
0.00035 



Stansatz, per cent. 



CHAPTER XVII. 
PANS rOK GRINDING AND AMALGAMATING. 

Every period of excitement and enthnsiaam in mining brings with it 
a great dpmand for machinery, and stimnlates the production of numer- 
ous contrivances for extracting the precioxis metals. At such times it 
is not unusual that men who have ha^ little or no experience in mining, 
design and manufacture for sale machines for cnishiug, grinding, and 
concentrating, and other men of even less experience buy the machines 
and pay transportation upon them to the real or fancied mine. Such 
machines, although they may be well constructed and i^rhaps adapted 
to some special condition of things when made, are ramy found to an- 
swer the intended purpose in practice, and are soon thrown out of the 
mill, and ranged along the outer wall as relics. These are the machines 
of which it has been most aptly said, "They are more advertised than 
used," 

But each futile effoi't has accomplished one useful result- It has in- 
structed Ijy experience, and in more than one case has led gradually to 
the perfection of machines, and apparatus especially adapted to. the 
peculiar necessities of our miuiug regions. 

THE GREAT NII3IBER AND VAKIKTY OP PANS. 

The same necessities whicli led the metallurgists of the Pacific 
coast to adopt iron mortar batteries led them also t» the construction of 
iron pans for grinding and amalgamating. The old metiiotis of grinding 
in arrastras or by Ohilian mills were cumbrous and slow, difficult to 
clean up rapidly, and wasteful of quicksilver and amalgam. The man- 
iifaetore of pans also received a great impulse from the fact that the ore 
of the Comstoek lode was peculiarly well adapted to worliing in such 
• LeLrbiieh der Ai.fbeveittmssltnnde, 1867, p. 7S. 
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vessels. Its chemical composition is such that the iron of the pans 
assists its decomposition. It not only contains free gold and silver, bnt 
a large part of the undeeomposed compounds of silver consists of the 
snlpWde, which, under proper treatment, is readily decomposed in the 
pan, the particles of iron worn off in the gi'inding facilitating the pro- 
cess. The ease with which this ore could be reduced in pans, uatorally 
led the mill-men and miners to believe that the same apparatns and 
processes would worii equally well upon other ores — an error which ex- 
perience soon rectified. 

The demand for pans for Washoe and for new mills in the new dis- 
tricts caused them to he made in great numbers and in a great variety 
of forms, each inventor urging some peculiar excellence attaching to his 
mode of construction, Some were made for grinding ; some for grind- 
ing and separating; others were intended simply for amalgamating, 
TMs diversity was still further inoi-eaeed by the modifications in the 
form of each made from time to time by the inventors, so that when we 
look hack for a few years we find a long list of the different forms of 
pans and amalgamators which have been made for the use of miners 
and metallurgists, and aU of which have been more or less used for the 
purposes intended. Among these may be cited Knox's, Wheeler's, Var- 
ney's, and Hepburn's pans; Wheeler and liandall's tractory conoidal, 
or excelsior grinder and amalgamator ; Wheeler's amalgamator; Excel- 
sior continnons grinder and amalgamator ; Belden's pan ; Belden's sep- 
arator ; Wheeler and Eandall's conoidal separator ; Bartola pan j G-as- 
ton's pan ; Baux and Guiod's grinder and amalgamator ; Moore's gnnder ; 
Hinkle and Capp's centrifugal ore-griuder; Farrand's amalgamator and 
separator : Coleman's little giant amalgamator. To these may be added 
some of the principal pans now in use, as well as some of those men- 
tioned. These pans, which will be described last, are Patton's, Wheel- 
er's, with wooden rim. Booth & Company's, Stevenson's, and Horn's. 

The attempt will not be made to describe all of these pans and amal- 
gamators; they are aU similar in their action. The grinding in all is 
effected between two opposing plates of iron, and the chief differences 
between them consist in the modification of the form of tliese plates and 
the extent of their surface. They all combine the qualities of a mill 
with the capacity to hold a certain amount of ore-pulp, for it is not 
simply grinding that is required ; the operation of amalgamation and 
chemical reduction of the ores is connected with it. Inasmuch as the 
constant grinding would soon cut through the thin bottoms of the pans 
if unprotected, and destroy the mullers, false bottoms or dies are cast 
for the pans, and face-plates (shoes) of hard white iron for the mullers. 
These are so made as to he easily taken out, and are renewed when worn 
out. 

lu general, the pans are not intended to receive and grind coarse ma- 
terials, though in some of them ore as large as kernels of corn, or even 
larger, can be ground to a fine powder without much injury to the pan. 
In practice it is the battery-pulp and sand which are fed, and this is 
generally done in charges, (or " batches,"} the weight of which depends 
upon the capacity of the pan. They are fii'st ground, and then, with the 
addition of quicksilver, and at a lower rate of speed, the amalgamation 
is effected. The charge is then drawn off into a larger pan, fitted with 
stirrers, called the separator. In this the pulp is much diluted with 
water, and the quicksilver and amalgam fall to the bottom and are col- 
lected. The principal pans and amalgamators may be grouped in two 
chief divisions : 1. Those with flat bottoms. 2. Those with curved or 
conoidal bottoms. 
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KSOX'S PAN, 



One of the oldest ant! simplest forms of the iron gTindiiig and amal- 
gamating pans is that invented aud introduced by Mr. Israel W. Knox, 
of California, soon after the opeiiiiig of the mines upon the Oomstock 
lode, and since then extensiTCly used in the reduction mills of the Pa- 
cific coast. 

This pan is usually made about four feet in diameter for working gold 
ores, ivnd fourteen inches deep The pan used for ^ orLing silver oies 



The contatruetion may be £ 
" but I 




8 five feet in diameter 
the figure. The bottom 
truncated cone, as high 
as the rim of the pan 
This cone is hollow, and 
gives room for the bear 
inga of a vertical shilt, 
glared by bevel spiu 
wheels to a horizontil 
sh aft under the pa n , in d 
intended to give motion 
to the mullers. These 
mullers are four in uum 
ber, thin and flat, ind 
are bolted to an annul ii 
collar or centre-piece, 
surrounding the bottom' 
of the cone, and upon 
which two upright bais 
or standards are cast, 
which lock into theends 
of the yoke on the top 
of the vertical shift 
OC is a board frame, I^" ^slniioxtd im Igimit r la t S,>ii icatoi 

fitting the inside of the pan, and leachin^ downwflid to within half au 
inch of the mullei's B B are amalgamated copper plates, fastened to 
the board frame fo\ the purpose of catching the lighter particle? of gold 
as they float through the pulp when stirred by the rotation of the mul 
lers. The discharge of this pan is central, through an opening in the cono 
iieiir tlie top, I>, and controlled by a gate, at the pleasxire of the operator. 
The pulp aud waste discharged are received iu a sluice, E, below. 

The bottom of this pan was at first made single ; but it was subse- 
quently improved by Mr. Palmer by making it double, thus giving a 
apace or chamber into which steam may be introduced for the purpose 
of Iie-ating the charge, when it is required to promote the decomposition 
and amalgamation of the oi-e. This chamber is seen in the figure. The 
steam is introduced by a pipi.'. The steam-chamber is. formed by 
means of a false bottom, cast with two concentric annular projections 
which fit upon the bottom of the pan. 

The usual charge of the four-foot pan is 250 to 300 pounds of dry oi-e, 
and of the five-foot pan 400 to 500 pounds. The former are most used 
for amalgamating and separating, and the latter for grinding and amal- 
gam atiug. 

The muUer, being made to revolve about twelve times in a minute, 
carries the pxdp and causes it to " swash" against the amalgamated plates, 
thereby collecting most of the fine float gold and quicksilver. The dis- 
charge being near the surface of the litinid pulp, ami where there is the 
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least motion, tliei'e ia Utile (jliance. of the loya of quicksilver or the pre- 
cioiis me tills. 

It is eoinmoa to work tbe paiia contiuuoiisly, bat uiueli better results 
are obfciiiiied, at least in some eases, by crushing the ore dry and flue, 
and then introducing it intoi the pan by charges, find working nntil 
amalgamation is complete. 

The simplicity, cheapness, and convenience of this pan, the ease with 
which it can be charged and cleaned up, together with its eitectivenesB, 
have caused it to he largely used, even to this time, by tbe mill-men of 
the Pacific slope. 

KNOS'S EUREKA GUIISDKB.. 

Mr. Knox also makes a pan specially designe<.l ioi grinding. Tiie 
central cone is made larger, so that it Alls nearly one-half of the diame- 
ter of the pan, the object being to have as little diftference of velocity 
between the inner and outer edges of the grinding surface of the mnller 
aa possible. The grinding Is thus confined as much as jiossible to the 
bottom of the annular ti'ough between the sides of the pan and the cone 
in the center. A die, or false bottom, is placed in tins annular trough, 
and can be renewed when worn out. Its upper surface is grooved, and 
the shoes, four in number, are made pointed, and curved in such a way 
that, as they revolve over the gi-ooves of the die, they cut or grind with 
a shearing action, thus moving with more ease and regularity, and, as 
is claimed, grinding the pulp with more i-aitidity. 

VAENEY'S PAN. 

This is also one of the most extensively lised ]mu». The g'riiiding 
siirface at the bottom is formed by four dies of hard wiiite iron, and 
there are twelve shoes riveted or bolted to the muUera. The dies have 
radial grooves which facilitate the grinding. The charge is from 600 to 
800 pounds of ore. It will take coarse stuff that passes screens witli 
four meshes to the inch. Curved plates, or guides, serve to throw the 
pulp back from the circumference to the center, so aa to agaui pass 
under the mullers. The mnller should make about eighty revolutions 
a minute, and requires to drive it from three to five horse-power. The 
shoes and dies will last from I'orty to sixty days, each of twenty-four 
hours working. 

Tlio invention of Varaey is declared in Iiis patent to consist " iu the 
employment or use of a rotary and stationary muUer placed within a 
suitable pan or tub, provided with a cover, and arranged iu such aman- 
ner that when the device is in oiieratiou the ore will pass in a current or 
stream outward i'rom the ceiitei', and between the mullers to the cir- 
cumference of the same, and thence inward over the upi>er and rotating 
muller to the cent-er of the same, and down tlu'ough said mnller between 
it and the stationary one, to be again thrown to the periphery of the 
mullers, thereby causing all the particles of the ore to be brought in 
contact with the quicksilver in the pan or tub, or with the amalgamated 
plates to be attached to the mnller or mullers." 

"This invention also consists in the employment or use of cur\'ed or 
spiral scrapers placed within the pan or tub, and arranged I'elatively 
with the upper surface of the rotating muller in such a manner as to 
insure the passage or movement of all heavy substances in the pulp, 
thereby preventing the same from lodging on the rotiiry muller." 
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MOOBB'S QUARTZ GEINDBR AKD AMALG-AHATOB. 

This pan has a flat bottom, with an acute cone riaiug in the center. 
The miiller is made to fit lioth the bottom and the cone, and is provided 
with shoes opposing crushing plates on the cone, so that the stuff which 
is fed hy means of an annular hopper at the top of the muller will be 
subjected to crushing or coarse grinding before it reaches the broad and 
horizontal grinding surface at the bottom. 'This pan is usually made 
six feet in diameter and with vertical sides. The pulp entering in this 
manner at the center must traverse the whole distance to the out-er mar- 
gin of the solid muller before it can ascend above it into the body of the 
pan. 
WHEELER AND KANDAIL'S EXCELSIOE GEmDEiJ ASD AJIALGAMATOE. 

The excelsior grinder and amalgumator of Wheeler & Kandal! is 
a deep pan, with a large conoidal center rising as high as the rim and 
molded so that its vertical section forms a tractory curve &om the top 
to the bottom. This forma the grinding surt^iee, to which the muller is 
fitted and revolved by locking on a vertical shaft, to which motion is 
given by bevel gearing below the pan. Four sizes are made; largest, 
4J feet in diameter, weight 5,000 pounds ; medium, 4 feet in diameter, 
weight 4,000 pounds; prospecting size, 2 feet in diameter, 000 pounds ; 
assayer's pan, 1 foot in diameter. 

The advantages claimed by the inventors for this construction are : 

1. That perfect uniformity of wear in the grinding surface is ob- 
tained by the use of the curved face. 

2. That it reduces the ore far more rapidly and at a less expense of 
power than any other pan of practical form and proportion. 

3. That it possesses superior amalgamating qualities. 

4. That its mechanical construction as to simplicity, weight, strength, 
convenience of working, cleaning up, and cheapness, is unequaled by 
any other grinder and amalgamator. 

This is probably claiming too much for this form of pan. That it is 
an excellent grinder is weJl Jcuown to the writer from observation 
and personal experience. For amalgamation there are other forms of 
the pan that are quite as effective. The lai'ge space occupied by the 
cone and muller renders it necessary to make tlie ]>an very deep, in or- 
der to hold even moderate charges, and it is not as conveniently cleaned 
as a pan of less depth. 

Wheeler's amalgamator lias much more space ai'ound the muller. 
The cone is smaller, and the muller broader and flatter. The constjuc- 
tion is otherwise nearly the same as in the excelsior grinder, and both 
are provided with a lever, connected with a hand-wheel, working on a 
screw at the side, by which the height of the muller above the bottom 
may be easily varied so as to regulate the rate of grinding. 

Both of these pans are also made iu sections, so that they can be 
taken apaii and transported on animals into places difficult of access. 

Another modification is the continuously working pan, made substanti- 
ally like the preceding, but with a cover bolted on to the rim and rising 
to the top of the muller. The pulp, being fed in at oue side, escapes at 
the top, around the naiTow neck of the muller, and flows oft' through a 
covered chute or rectangnlar tube, cast upon the cover. 

BELDBN'S GRINDING AND AMALGAMATING PAN. 

This is an effective and convenient form, and has the advantage of 
giving plenty of space for the pulp. The grinding suri'aces are confined 
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to an annular curved zone, between the sides and a slim central (jone. 
It thus differs materially from tlie excelaior grinder and amalgamator, 
in which much of the grinding is effected iipon the sides of the cone. 
Lightness, simplicity, ease of cleaning up, superior grinding am! amal- 
gamating qualities, have been aimed at in this machiuc. 

HEPBURN AND PETEKSOS'S PAN. 

This is a deep pan, with the bottom in the form of a section of a.n in- 
verted cone; the reverse of the pans with conical centers, rising to the 
height of the rim. In this pan the inclination is towards tlie center, at 
an angle of about 28 degrees from the horizontal. A vertical cylinder 
or tube rises firom the bottom in the center, through which the shaft for 
driving the ranller is carried. It is fitted with four dies, which cover 
the grinding surface of the bottom, and the muller is fitted with fluted 
shoes, shaped to conform to the curvature of the dies. The charge for 
this pan is about 1,000 pounds. In grinding, the pulp is thrown from 
the center under the shoes, and rises highest upon tlie outer rim, and 
then falls over toward the center, to he again carried under the muller. 

The iiew Hepburn pan. — Another pan has been introduced by Mr. Hep- 
burn, in which the grinding is not effected by the rubbing of two op- 
posingrigid plates of iron, but by a number of rolling disks, ijressing with 
their flat sides upon the dies, and rolling by friction upon each other. 
This pan has been experimented with, and noticed by, Mr. Louis Bland- 
ing, a metallurgical engineer of large theoretical and practical experience. 
He says, in June, 1869 : 

Four months ago ITjeeame convinced of ite great valuej after tLorongli investigation, 
and have almost daily aince that time ■worhed on it mver ores fiwn Nevada, botli 
cldoride and Bnlphiaiet ores, and gold-bearing quartz from CaJifomia. The easential 
difference between it and pans of the ordinary atj|la eonsiatsin tliia; tbe former aeta by 
a rolling mofdon, the diaka or roUera being looao in the pan, bnt orosbing and pnlver- 
iaing etrongly againat tbe dies by centrifagal force ; tbe mtter by a grinding Motion o£ 
rigid iron surfaoea in contact nnder great weight. Tbia difference of action exploina 
tbe difference in power required to operate flie reapective pajos ; tbe Hepburn, otter 
thinga being equal, conenniina; not more than 40 per cent, of tJie power ordinarily re- 
qnired, aa shown by teste in iSe Rock Point mill on the Carson River, and other miUa. 
The disks o»' rollers, rotating on tbeir own ases upon tbe dies of the mnller plate, aJao 
ROrve to reduce the ore at tlieBe lines of contact by a cutting and wearing action; tbe 
cmshiig and wearing operation of the revolving circnmference of every two of tbe 
rollers on each other effectively aiding tJie rednctng action. These rollers have a peeu- 
bar action; tbey operate to crush the coarse ore on the aide dies, and pulveriise on the 
muller dies as ■well as by tbe action of their rotatiog sides on each other, Tbe next 
point wortl^ of notice is the iact that this pan will tote ore tlirough a sci'eon of balf 
an inob mesh, and reduce it aa rapidly and flnely as tUe ordinary pan reduces tlie annda 
taken ftom the ftfty-aereen of a batt^y. The roUera, being free and not rigidly fixed, 
adjust thenwelTes to the size of the material fed to tbepau. Tbia avoids the necessity 
of ai battery, (dry or wet,) as tbe ore wiU be prepared for tbe pan by a breaker, or a 
pair of Coruidi rollers, which can be famished at eonaiderable lees coat, and for tbe 
work accomplished requires mnob less power. All drying of tbe oree and tbe conse- 
quent expense and loss of time are also saved by this mode of work. A third point of 
particaliu; intereat is the fhot tlmt amalgamation can be effected by proper niauagenient 
in the bottom of tbe pan, separate and distinct from the pulverization at tbe same time 
proceeding in tbe upper or working part of the pan, in which point it is eBsentiiilly 
different from the pan of ordinary form, and whereby tbe loaa of quicksilver, by excess- 
ive grinding and consequent flouring, ia greatly prevented. TTie reanlt of practical 
work, botli in silver and gold ores, fliowB tbe loss of quicksilver to be not more than 
one-third to one-baJf that naually experienced on diantes of ore of equal quantity 
treated equal lengtba of time. There are other minor differences that an inspection of 
tbe small 50-ponnd pan, now working, and of the large4,000-poiind pans, now being oon- 
atruoted at the Vnlcan Foundry, in this city, will at once suggest. It was at firat 
difficiUt tfl perceive the canae of such rapid action on sucb coarao and hard stuff in a 
pan running ao easily and lightly ; but the solutioa was readily found by a calculation 
of tbe snrfacea brought into aution in a given time, and which it would be out of place 
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PAEBAND'S AMALGAMATOll AMD BEPABATOE. 

This 18 a machine wliich attracted some attention in 18G4, but was 
never extensively used. The motion is not rotary, but reciprocating. 
The machine consists of a semi-cjlindrical, trough-shaped vessel, the 
interior of which is furnished with movable concave dies, to be replaced 
when worn out, as in ordinary pans. The mullers are convex, and at- 
tached to a substautial shaft, by which they are moved back and for- 
ward by crank or eccentric motion. The mailers are held to their 
places by springs of moderate strength, the pressure of which may be 
easily regulated. The oscillating motion of the muUers serves to keep 
the pulp in a constant state of agitation, thoroughly mixing it, and 
passing it nnder the mnllers withont resort to any of the varions expe- 
dients employed in pans where a circHlar motion is maintained. In 
working this amalgamator no quicksilver is placed in the pulp until 
the trituration is completed. That done, the mnllers are raised^ so as 
to completely break contact with the dies, the quicksilver sprinkled 
into the mass, and the machine set in motion again, the mnllers simply 
acting as stirrers. 

PAsa HOW srosx in use. 

The experience with the great variety of pans that have been made 
has led at last to the adoption of the more simple forms, in which the 
grinding is effected, be ween horizontal flat surfaces instead of the curved 
and conical bottoms. In the pans now most in use, these flat grinding 
surfaces form an annular floor around the central cone, through which 
the vertical shaft passes. This central cone is no longer used for grind- 
ing, and is made much smaller than formerly. Wood is now also sub- 
stituted for the sides of the pan, is im!1 be 'seen b\ tht m'lpeetion of the 
annexed figure of Patton'-* p m 

PATTOM'S PAN. 

It will be noted 
that the wooden 
sides are vertical 
and that the staves 
are held by a strong 
iron hoop upon an 
iron flange or 
shoulder of the bed- 
plate, which rises in 
the inside of the pan 
as high as the top 
of the muUer, this 
being as high as 
there is much fric- 
tion or exposure to 
theleakage of quick- 
silver. The bottom 
is cast in one piece 
and has a chamber 
below it tor the ad- 
mission of steam to 
heat the pulp ;ukI 
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promote amalgamation. The pau or tub is iive feet in diameter and two 
feet deep. The motion of the mailer is given by bevel-gearing below. 
The distance between tlie grinding surfaces is controlled by raising or 
lowering the mailer by means of a screw working in the top of the 
vertical shaft. 

Wheeler's pan, as. now madp with vertical M'ood sides, is shown by 
the next flgnre. 

WHBBLEU'S PAK. 

It is five feet in 
diameter, but not 
quite 80 deep as 
Patton's, and the 
attachment of the 
staves to the bot- 
tom plate is difter- 
ent. There is also 
a wider annular 
space behveen the 
dies and inuUer 
and the sides. 
The distance be- 
tween the muUer 
andthedies is reg- 
ulated by a screw 
with a hand-wheel 
upon the outside 
of the pan, which, 
bymeansofabent 
lever at the bot- 
tom, raises the 
" vertical shaft and 
so lifts the muller. 
ised in the older forms of Wheeler's 

rs. Booth & Co. make a similar pan with sheet-iron sides. The 
annular space between the dies and the sides is not so great, bat tlie 
cast bottom plate rises higher, and is thus more secure against leak- 
age. The sheet-iron rim or side is not only light, but it has this ad- 
vantage, that when left dry for a time it will not shrink and crack as 
the wooden tubs must inevitably do. 

cox's I'AN. 

This is a hivgo, heavy pan, in which the hard gravel cement of the 
deep placers is broken by revolving arms. Since the pebbles and 
boulders of this material are usually barren, while the cement between 
them carries the gold, it is desirable to i-elieve the stamp-mills from the 
necessity of crushing the former. The pan is provided with a grating 
below, through which the flner and auriferous material falls when freed 
from the boulders, aud can be conveyed to the mill, whUe the boulders 
remain in the pan, and are removed as they accumulate, and thrown 
away. It is claimed that this device effects a great saving in the cost 
of cement-crushing. It was introducd in 1808, 1 believe, and I have no 
reports of actual results, though several machines are said to be in use 
in Kevada County, Califorina, and elsewhere. It resembles the grinding 
and amalgamating pnns only in name and external form. 
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Horn's pau, :is ahowii by the last figure of this series, is cast in one 
piece and is slightly liaring. A liepressed annular space three inches 
wide is left around the dies and is traversed, as the mailer rotates, by 
an arm, -which extend to the bottom. The muller is raised by a screw 
at the top similai' to that nsed for Patton's pan. 



H01!N',S PAK. 




s= Jl 

Homa PiiL 

This pan, like all the otheib heie flamed, is made with a double bottom,, 
thus giving an annular steam-chest for lieating the charge. 
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SECTION V,— SEPARATION AND CONCENTRATION. 



CHAPTEK XVIII. 

THE CONCENTRATION OF AURIFEROUS ALLUVIUM. 

As generally used iu mining " concentration" refers to tlie enrichment 
by mechanical means of the ores that have been raised from veins. So 
restricted, it may be said that in the mining regions of the West it is con- 
fined chiefly to the separation of gold and eulphnrets tmm quartz. But 
the grand washing operations of the placet gold miner are properly 
<(lassed with those of concentration. With the aid of water he sweeps 
away the eai'th and gravel, and collects the grains of gold, which, by 
rea-son of their greater weight, remain behind. 

The simplest and most common implemeubs used for concentration are 
the miner's pan and the horn-spoon. The pan, so much used in California, 
not only for prospecting but in cleaning up sluices and mills, is at pres- 
ent stamped out of one piece of the best quality of Eassia iron, and is a 
far better article than was formerly in use. It resembles an ordinary 
tin milk-pan in form, but its sides are more sloping and it is strength- 
ened by a stout wire in the rim. In the gold region of the Carolinas 
and Georgia, the pan formerly employed was either the ordinary iron 
frying pan or a light steel pan, a little deeper, and elliptical in form. 

The hom-epoon is a very convenient instrument for washing out sam- 
ples of crashed vein stuff, or any soft material supposed to contain gold. 
It has one great advantage over a met-allio surface, that it does not be- 
come enfllmed with air or grease, so as to prevent the perfect cont-act 
of the water on its surface. It is made from the large end of the horn 
of an ox, cut obliquely, and then scraped dowu to a suitable thickness, 
A horn that is black at one end makes the best spoon. Its lightness 
and durability, as well as many other good qualities, make it a favorite 
implement with gold prospectors. 

The batea is another form of washing implement for prospecting and 
testing. It is a shadow circular plate, made from a single piece of wood, 
usually by turning in a lathe, and is about twenty inches in diameter 
and two and a half inches deep at the centrcj from which the slope is 
regular and unbroken to the outer edge. It is much used at the gold 
mines and washings in Braail; but in California it is uot much known, 
its use being confined, I believe, to one or two experts who have attained 
the peculiar skilled manipulation it requires. 

The cradle, the tom, and various rockers, are forms of conceDtrating 
apparatus familiar to most miners, which need not be here described. 



Sluicing is the simplest form of concentration ui»ou a large scale. It 
is simply the employment of a current of water upon an inclined plane, 
which sweeps onward the finer and lighter substances more rapidly 
than the heavier, and thus effects a separation. 

The ordinary board sluice is made of rough pine boards, in sections 
twelve feet in length, so that they can he fitted one into the other and 



,dhy Google 



224 MECHANICAL APPLIANCES OF MINING. 

thus form a continuous trough, from twelve to twenty Indies wide and 
from ten to twelve inches deep. In order that one. section may fit into 
the next, they are made a few inches wider at one end than at the other. 
The usual grade or inclination is about twelve inches or &om ten to 
eighteen inches, aecoi-ding to the nature of the materials to be washed. 
Cleats or riffles are placed across the bottom to arrest the flow of the 
heavier particles, and thus make a favorable point for the lodgment of 
the gold and quicksilver. In order to protect the bottom from the 
action of the larger stones and the violence of the current, a set of 
false riffles is put in. These are usually placed lengthwise of the box, 
and coneiist of slats, nailed to cross-hara of wood, so that the whole may 
he lifted oat when the sluice is cleaned up or the bars need repairs. 
Both bars and sluice-boards wear ont rapidly during active washing 
by the constant attrition of the stones; and when the boxes are no 
longer fit to be nsed, or if for any cause they are no longer to be used, 
they are dried and burned, and the careful washing of the ashes gives 
a very remanerative return of gold, often enough to buy a new set of 
sluice boxes. > 

Some details regarding the construction and working of the larger 
sluices have already been given in the chapter upon breaking down 
rock; and it is only necessary here to revert to the fact that the opera- 
tions of breaking up aud crushing, and of washing and concentrating, 
are inseparably connected in placer mining, as well as in the extraction 
of gold from quartz taken out of veins. There is one form of sluicing 
which, however, has not yet been considered. It is the under-current 
sluice, an improvement introduced in California, and the outgrowth of 
the gigantic sluicing operations in that State. 

UNDBR-CURBBNT SLUICES. 

These are designed to separate the current in the main sluices into 
two portions, permitting the great bidk of the muddy current and 
coarse materials to pass on, while the heavier and lower portions are 
allowed to drop through a grating on the bottom of the sluice into 
shallower and broader sluice boxes, having a lower grade, and receiving 
a fresh supply of clean water. The design is to distribute the mate- 
rials over a greater surface than could be given in the main sluice, and 
thns allow tlie gold to settle. 

These boxes are made of various widths, from three to nine feet, and 
from twelve to fourteen inches deep. The grade is usually one in twelve. 
The grating, through wldch the stuff is admitted, is made of hard cast 
iron, with openings an inch wide and eight inches long. The stuff flow- 
ing in the uuder-eurrents is sometimes divided, a part being dropped 
into a second system of low-grade boxes, or secondaries, with a width 
of about thirty inches, and a grade of fourteen or fifteen inches to the 
box. They receive about one-fifteenth of the water in the under-cur- 
rent. The grating is much finer than that in the main sluice, the spaces 
being only three-eighths of an inch mde and Ave inches long. They 
are very useful for catchiug quicksilver. 



CHArTEE XIS. 

THE CONCENTEATION OF VEIN^STUEF. 

As has already been remarked, concentration, in ordinary mining 

parlance, is confined in California chiefly to the separation of gokl 
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and sulpburets from quartz. Quicksilver ores and copper ores have, 
to a small extent at one or two localities, been subjected to concen- 
tration, but with these exceptions very little attention has yet been 
given there to a subject of great importance to the mining interest, 
The quantity of sulphurets contained in the quartz veins of California 
rarely exceeds two per cent., and its separation is not attended with 
any great diflculty, inasmuch as the difference between the speci&c 
gravity of the sulphurets and quartz is so great, that, when agitated in 
water, the particles of snlphuret first find their way to the bottom and 
form a layer nearly free from the quartz, which settles in an upper 
stratum. It is upon this difference in gravity of substances, and their 
consequent different degrees of velocity in passing through water or 
air, that the operations of concentration are based. 

For example, a sphere of gold eight lines in diameter will fall 100 
Prussian inches through water in one second of time, while a sphere of 
quartz of the same size will fall only about 30 inches in the same time. 
Thus, a mixture of particles of gold and of particles of quartz could be 
very easily separated one from the other ; and also many other sub- 
stances could be separated where the difference in the velocity of fall- 
ing is not so great. But the bulk of particles is also an important 
element, as will be seen from the inspection of the annexed table, in 
which the relative velocities with which particles of gold, galena, blende, 
and quartz of different sizes will fall through water is shown : 

9 of different aiib- 



Diameter in 


Gold. 


Galena. 


Blende. 


Quartz. 


lines. 


Spee.grav. 19. 2. 


Spec. gcav. 7.5. 


Spec. grav. 4. 


Spec, grav. 2. 6. 


g 


100 


60 093 


40.825 


29.814 


5.657 


84. 090 


50; 533 




25.071 


4 


70.711 


43.493 




21.0^ 




59.460 


35. 731 


24.275 


17.728 


2' 


50 


30.046 


20.412 


14.907 


1.414 


42.045 


35.266 


17.165 


13.535 


1 


35.355 


31.246 


14.434 


10. 541 


0.707 


29.730 


17.866 


12. 137 


8.864 


0.5 


25 


15. 023 


10.206 


7.454 


0.S54 


SI. 032 




8.582 




0.25 


17.67S 


10.633 


7.217 


5.270 



Thus, while a sphere of gold eight lines in diameter is falling 100 
inches, galena of Idie same size will fall 60 inches ; blende, 40. 8 inches ; 
and quartz, 29. 8 inches. Bat while the sphere of gold eight lines in 
. diameter is falling 100 inches, one of two lines in diameter will fibll only 
50 inches, or half as fast as the sphere of the same subst^ance with fonr 
times the diamet-er. Further, a sphere of gold 0.707 lines in diameter 
will fall about as fast as one of quai'tz with a diameter of eight lines, or 
one of galena two lines in diameter, and so on. It thus becomes evi- 
dent that the velocity of faU of substances in water depends not only 
upon their specific gravity, but upon their bulk and gravity combined, 
and that for a perifect separation of substances according to their 
gravity, it is essential that the particles should either be of the same 
size or that the variation must be confined within certain well-defined 
limits. 

15 M 
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SIZING OP PEAGMENTS — TROMMELS. 

From what Las already been remiirked, it will be seen that a proper 
sizing of the fragments and particles of crnshed ores is an essential pre- 
requisite to successful concentration. 

For separating the coarser fragments, such as are suitable for jigging, 
for example, screens or riddles are used, and for the iiuer, sieves or per- 
forated plates ; while for the separation of the very finest portions resort 
is had to the action of flowing water. 

Screens or riddles are made in a great variety of Tvaya, bnt are usu- 
ally fiat surfaces of coarse wire or of parallel iron rods, and caused to 
swing or to jar by rising and falling at one end, so that the stuff may 
move over the surface by gravity, while the smaller fragments drop 
through. The product of one riddle may be received upon a second of 
finer mesh, and the product of the second upon a thiixJ, and so on. 

For still smaller fragments, sieves in a cylindrical form or trommels 
are used. They are made to revolve, and are set at an inclination, so 
that stuff fed into the upper end will gradually descend to the lower, 
while a portion drops through the mesh and is received either in a suit- 
able box or into am outer concentric cylinder of gauze. This is a form of 
trommel which was recently exhibited in Paris by Messrs. Huet and 
Geyler, and which has some novel features. It is not supported upon 
a shaft passing through from end to end, but is sustained by, and re- 
volves on, trunnions cast upon each of the cast-iron heads or ends, as 
indicated in the annexed longitudinal section, which represents one of 
this style of tromni els, constructed so as to supply a system of four twin 
sieves. The crushed stuff is introduced at the hollow trunnion A, and 
n n falls upon a grate or perforated 

^^^ ' iron plate, B, in which the holes 

/r"'"™' are large. The stuff which falls 

1 1 ~ '~n through the plate B, drops upon 

I I ___— ^— "~°""""3J ^ second plate, C, perforated 

/ i -^-'— ~~~^ ir — ""il ■with smaller holes, where it is 

1^ I again divided into two sizes, the 

^^ I fluer particles dropping through 

^ ^LssM^ ^^^ outermost plate of ^1. 

\ ] Each s^ace between the plates 

M ^F"has suitable openings at iuter- 

^\ r L'"!'*":!"'''':!! ''^'*'^ ^^ ^^^ cast-iron heads for 

l]g~— &T-=— :___|^___^^2" "" "■" " ■" f the discharge of fragments too 

1 p — t^"™— -— 1^~~" ^^ coarse to fall through the plate 

1 " — Jj below them. This trommel is 

j ^^ai very compact and will give four 

1 Li ■ " sizes of product. 

1 ^ jjj Europe perforated iron or 

D~~W steel plates are now generally 

Section of a DistriMting Tiximioei, used instead of wire-cloth 
screens, which wear out faster. The Exposition of 1867 was rich in 
samples of perforated plates of all descriptions and very accurately 
punched. It is essential to the best working effect that the lihickuess 
of the plates should always be less than the diameter of the holes 
punched in them. The space also between the holes in the finer 
plates should not he greater than the diameter of the holes — in the me- 
dium plates half a diameter, and in the coarser plates one-third of the 
diameter of the holes. In France perforations less than 0".002 in diam- 
eter are cousidered as iine ; those between 0°.002 and 0".005 are me- 
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dhim. The fine numbers begin at 0™.0OO5. Tbe finely-perforated plates 
for trommels are generally made of copper, and the other sizes of steel, 
iron, or zinc. 

Eittinger adopts one millimetre in diameter as the unit of holes for 
sizing ores for concentration, and the progression beyond this is geomet- 
ric, as 1, 2, 4, S, 16 millimetres, giving for the volumes of the grains 
that will pass the holes respectively 1, 8, 64, 512, 4,096 cubic millimetres. 
He divides each of these sizes into four classes, each with four grades, 
thus : 

Diameter In la inches, 
miHimpt.rM. Dearly. 

2.51 coarse. 

1.79 middling coi 

' "" middling 



So. 1, (Stufeii) . 



No. 2, (Graupeii) 



("64.0 = 
1 45.2 = 
1 32.0 = 
( 22.6 = 
16.0 = 
11.3 = 



0.S9 

0.64 

0.45 middluig coarse. 

0.319 middling " 

0.220 



No.3, (Giies). 



So. 4, (Mehl) . . 



. middling coj 
. . . middling fine. 



08.0 

05.6 

4.0 = 0.160 

2.8 = 0.109 

2.0 = 0.078 

1.4 = 0.055 

1.00 = 0.0400 coarse. 

0.71 = 0.0282 middling coarse. 

0.50 =0.0200 middling flue. 

0.35 =0.0137 fine. 

BLANKET CONCENTRATION. 

Blanket concentration is only a modification of sluicing ; a rough sur- 
face being substituted for the smooth flat bottom, with riffles and other 
obstructions, of the sluice. Blankets are iu very common use, being at 
ouee the simplest and most effective means of arresting the fine particles 
of gold that escape amalgamation in battery. The blanketing used for 
this purpose is made specially for it at the woolen mills of the coast, 
and is very strong, thick, and hairy. It is woven about thirty inches 
wide, just wide enough, to cover the bottom of the strakes or shallow 
inclined troughs, and to hang over their edges. The troughs are from 
twelve to sixteen inches wide, with sides from one and a half to three 
inches high, and are inclined, according to the desired velocity of the 
current, ftom five to fifteen degi-ees. There are usually two or three 
blanket troughs abreast, receiving the sands as they flow ft^m the bat- 
tery ; but four would be better. While the blankets of one are being 
washed, the euiTent is turned upon the others, and the greater the sur- 
face provided for the flow the less disturbance is caused by the addition 
of the flow from the first while the blankets are washing. 

The upper blankets, where the heaviest of the sands, with the included 
sulphurets, are deposited, are washed most frequently, sometimes as 
often as ouce in every fifteen minutes, but generally once every hour. 
The second row is taken off only half as often, and the third once in 
three or four hours j but the time they should be allowed to remain 
depends upon the amount of stuff which lodges upon them. The 
rough surface mnst not be permitted to become comijletely filled with 
heavy sands. 

There is a very extraordinary example of blanket concentration in 
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tbe ravines extending from the mills at Virginia City and Gold Hill. 
The tailings from these mills, estimated to be not less tban 600 tons a 
day, are allowed to run into Gold Cajlon and Six-mile Oafion, where they 
are passed over a great length of blankets, from Ave to six miles in 
each eaiion. The surveyor general of Nevada gives the following details 
of blanket washings in Six-mile Oauon for 1866 and 1S67 ; 

Number of mills discharging tailings into caEon 12 

Probable number of tons worked during the year 1866 100,000 

Estimated value of the tailings saved and worked.- $72,000 

Saving per ton of ore worked 72 cents- 
Length of sluices , 22,000 feet. 

Cost of sluices $20,000 

Estimated value of tailings saved and worked in 1867 $164,000 

Saving per ton of ore worked in 1867 $1 64 

Average value of tailings saved per ton $20 

USE OP CAST-IROH FOE OONCBKTEATIKG 5IACHIHES. 

Nnmerous concentrating machines, in a great variety of forms, have 
been made upon the western coast in the last ten yeai'S, and many of 
them, like the pans and amalgamators, have been more advertised than 
used. They have all been characterized by the use of iron rather than 
wood, and by their moderate size and compact proportions, suited to 
the difficulties and expense of transportation. It has been usual in 
Europe to construct concentrating machines almost wholly of wood to 
the exclusion of cast iron ; but at the late Exposition some French con- 
structors exhibited machines made of iron to the exclusion of wood, and 
have Avritten a memoir,* setting forth the superiority of h'on for such 
purposes. 

They urge that although wooden machines may be made with the 
gre.atest accuracy and care, they are no sooner put into place for work 
than they begin to swell and warp, and in the case of a circular buddle, 
for example, the whole surface must be made anew. Then, if for any 
cause the operation of such machines is suspended for a time, the wood 
dries and shrinks, and when they are again set in operation they are 
always found to be out of order, and to require extensive repairs. Another 
important objection to wood is the great bulk of the machines made of it 
as compared with those made of iron of equal strength. Again, wooden 
machines do not bear transportation to distant regions, neither are tiey 
so durable or so exact and regular in their operation as machines made 
of iron. 

With cast iron the most favorable forms can be given to those parts 
with which the staff to be worked comes in contact. All unfavorable 
angles and joints can be avoided. With iron and cast iron the forms of 
machines, and of their various parts, recognized iu practice as the most 
favorable to the end in view, can be adopted. The joints being perfectly 
tight, the loss of earth, water, or ore is prevented, No change of form 
in the machines, or any injury to them, need be t^ared by their expos- 
ure to either dryness or moisture. If they are required to remain unused 
for a greater or less time, or if they have to be transported to » great 
distance, they are not iiyured. Changes of season or climate do not 
affect such machines. During the severity of winter, the taps being 

* Mfimoite sni' I'oiitilloge 

(I'enrichissement dos " ' 

de FEooIb Ceutrale. 
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opened and the tubs and pipes being drained of water, the hardest frosts 
will not injuriously affect them. 

These advantages, and the necessity for machineB that can be trans- 
ported to distant re^ons imchanged, have been recognized in the United 
States, as already stated. Iron has for several years pa«t been exten- 
sively substituted for wood in the construction of stamps, batteries, and 
concentrating machines in California and Nevada. Most of the concen- 
trating machines and batteries now in use in California, Nevada, Idaho, 
and Northern and Western Mexico are made of cast iron. When such 
machines (made in San Francisco) arrive at their destination, they can 
be set up and put in operation at once, -without requiring alteration or 
repairs. 

hendy's concentuatoe. 

Hendy's improved continuously discharging concenti'ator, now most 
in use, is the result of long experience with the pan concentrators, and 
of their successive modifications and improvements. It consists of a 
shallow iron pan, five or six feet in diameter, supported by a ve^cal 
shaft in the centre, and made to oscillate back and forth by means of 
cranks on a shaft at one side, and joined by connecting rods to the 
periphery of the pan. The pan turns upon its vertical axis back and 
forth, for a short distance, at every revolution of the crank-shaft. 

The figure gives an elevation of the machine, with the vertical shaft 
and one-half of the pan, shown in sections. 




Hendy's Continnouely-workiug Coneenti' 



It is made wholly of iron, and thus there is no framing ot timbers to 
be done when it is set up, and no shrinking and leaking after the ma 
chine has been allowed to stand idle for a time. A bed plate, or frame, 
gives support to the central pin and the crank-shaft, and also to arched 
arms, H, that rise over the pan and sustain the upi)er end of the vertical 
shaft B. The bottom of the pan is not flat, but is raised in the centre 
around the shaft nearly to the height of the rim, and ftom this it de- 
scends toward the periphery in a eyeloldal curve, an approximation to 
the brachystochrone, by wMeh the movement of the particles from the 
centre toward the circumference is facilitated, and their passage in the 
other direction obstructed. This form is especially necessary, inasmuch 
as the motion and the centrifugal forco diminish rapidly toward the 
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centre. It constitutes one of the chief points of difference between this 
concentrator and otters ■which have preceded it. 

When the machine is placed for operation, it must be carefnlly leveled, 
so that water will stand at the same height at all points u]>on the outer 
rim of the pan. The staff to be concentrated (usually the tailings from 
the amalgamated copper plates and blanket-strakes) is delivered, together 
with the water, by the trough JT to the hopper C, from which it is fed 
through the pipe K and distributor D into the pan near its outer edge. 
This feeding is not confined to one point, but is made to extend atound 
all parts of the circumference by causing the distributor D to rotate 
around the vertical shaft. This is accomplished by the movement of 
the pan. The upper edge of the rim is a continuous ratchet, into which 
two pawls, connected with D, drop during the motion of the pan from 
the distributor, and in the return motion the distributor is thrown back 
a distance equal to the arc passed over by the pan. Sake-like arms are 
bolted to the ^aft of the distribntor, and are also carried around the 
circle at the same time, and serve to stir up the compact mass of sand 
and sulphurets which settles upon the bottom. The crank-shaft makes 
from 200 to 220 revolutions per minute, thus throwing the pan back and 
forth an e^ual number of times, and keeping the materials in a con- 
stant state of agit-atiion. The heavier substances, such as the sulphurets 
and any stray particles of quicksilver or amalgam, settle to the bottom, 
and accumulate in the lowest part of the pan, gradually displacing the 
sand and lighter materials, which, with the excess of water, flow over 
the raised bottom at the centre and out of the pan by a central dis- 
charge. The accumulated sulphurets discharge at the gate B, the open- 
ing of which must be regulated to correspond in its delivery with the 
rapidity of the accumulation. If opened too wide, sand from the layer 
above the sulphurets will be discharged j and if the opening is too 
small, the sulphurets will accumulate, and begin to flow over the annu- 
lar bridge at the centre. For the accumulation of amalgam and quick- 
silver, a depression, J, is provided. This is deepest at the point of dis- 
charge I, closed by a plug. The sulphurets are usually allowed to ac- 
cumulate until the pan is half fall, as shown at S, before the gate E is 
opened. The sulphurets may be received into boxes or into troughs 
placed under the outlets. 

These concentrators weigh 1,000 pounds each. They are run with a 
belt, and usually set in pairs, for which a single crank shaft is sufficient. 
Two pairs can be so arranged as to require a driving shaft only six feet 
in length. Tiie amount of water required is not large; not more than 
flows away from the batteries with tiie sands to be concentrated. Each 
machine will i-eceive and concentrate five tons of stuff every twenty-four 
hours. Eight tons have, however, been put through in that time; but 
the product is not entirely freed from sand, the presence of which is not 
objectionable in some processes of working, and if clean sulphurets are 
desired the discharge from four machines is delivered into a fifth, and 
this gives a complete, clean coneenti-ation. 

At the North Star mine. Grass Valley, the performance of these con- 
centrators has been highly satisfactory in saving not only sulphurets, 
but amalgam. One machine receiving the product of six, fed with the 
pulp from the batteries, gave a product containing ninety-five per cent, 
of sulphurets. Like all the quick concentrators, however, they obtain 
a clean product at the cost of some loss of valuable material. Their 
tailings may, with advantage, be huddled. 

This form of concentrator may be traced hack, throngh various modi- 
fications, to the original Prater or Hungerford concentrator, known gen- 
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erally in 1864 as the ETungerford and Prater's concentrator,* when it 
was mach used in Oalifornia and Nevada. This machine received its 
motion in the same way, hut was supported in a wooden frame, and the 
distribution of the pulp was effected by letting it descend from the cen- 
ter outward upon a fixed sheet-iron cover which extended nearly to the 
outer edge of the pan. It did not discharge the sulphureta ; and when 
they had accumulated sufficiently the machine was stopped and they 
were dug out. The hottom was not curved downward fiom the bridge 
near the center, but had a gradual slope, as also in a later modification 
of the concentrator by Mr. Hnngerford. This modification was patented 
iu 1866, and consisted chiefly in doing away with the wooden fraine by 
substituting one of iron. The distribution was effected as before, over 
a sheet-iron cap or cover, but a second or outer rim was added all around 
the pan, forming an annular trough, the only opening to which from the 
inside of the pan was a series of holes pierced at intervals near the bot- 
tom of the pan, with the object of allowing only the sulphurets, or con- 
centrated stufl^ to pass through into the outer space and to be kept there, 
ont of contact with the sands and pulp undergoing concentration in the 
pan. Two openings in the rim of the outer compartment gave the 
means of drawing off the sulphurets. The discharge of the sand, water, 
&c., was at the center, and it was claimed to be a continuously working 
machine, hut the delivery of the snlphurets was not satisfactory. The 
motion was given by two eccentrics acting upon wooden guide-bloets 
or bearings below the pan. Hungerford's latest machines are preferred 
by some mill-men to Hendy's, on account of their more solid construc- 
tion and smoother running. I am informed that these particulars have 
been improved recently in the Hendy. The principal defect of that ma- 
chine, whereon I have watched its operation, has been its too slight con- 
struction, support, and gearing. These features were the result of a de- 
sire to make the appai"atus cheap and portable — a motive which has led 
more than one Oalifornia manufacturer of mining machinery to sacrifice 
solidity and due proportion of parts. 

All of these oscillating pan- concentrators may be regarded as modifi- 
cations of the Borlase concentrator, which is an oscillating pan with a 
level bottom and a central discharge, the height of which can be varied 
by adding ring's as the concentrated ore accumulates in the pan. 

COKCBMTEATION BY JIGGING. 

The simple hand-sieve is the most ancient form of apparatus for sort- 
ing and concentrating ores iu water by the direct fall of the particles, 
and it is still in use. Numerous modifications have been made flx>m 
time to time, with the object of increasing the product by increasing the 
size of the sieve and supporting it in a frame, as in the hand-jig or bralie- 
sieve, the construction of which is famiUar, and by substituting machine 
power for that of the hand. Much attention has also been directed to 
the construction of automatic, or continuously working, jigs, by which 
the stuff to be washed enters in a constant stream, and, after being 
washed and concentrated, is delivered in two separate portions, without 
stopping or requiring manipulation. 

In such machines the sieves, instead of being alternately plunged into 
and raised out of a vessel of water, are made .stationary — are fixed firmly ' 
in a tub— and the water is made to alternately rise and fall, so as to pass 

* The Prater concentrator woe invented at Washoe in the year 1863, and patented 
DeoemljOT 5, 1864. Hendy added a self-diacharging gate for the snlphmets in 1865, and 
a contriTance for tipping the pan to one Bide. 
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in a strong current throngh the meshes of the sieve and the layer of ore 
ahove it. This motion of the water is produced by means of plungers 
or pistons acting below the sieve, either vertically or horizontally, or by 
elastic diaphragms, {as in Petherick's separator at Fowey Consols, 1831,)* 
■which are alternately pushed out and in, as, for example, also in Edwards 
and Beacher^s patent mineral and coal-washing machine. 

"^^TMBIEK'S CONTIKUOUSLY-WOEKINa JIG. 

One of the simplest forms 
of the piston jig is shown in 
the figure. It is made of 
wood with a piston orplunger 
P at one side, which, on be- 
ing forced downward upon 
the water in the box, causes 
an upward flow through the 
grate in the direction & to c. 
The peenliarity of this con- 
struction, due to Mr. Vogel 
of Joachimsthal, and Mr. 
Wimmer of Olansthal, is a 
valve in the center of the 
sieve through which the con- 
centrated stuff 18 delivered 
as it accumulates, while the 
refuse passes off over the 
partition in front. But it 
was found that the down- 
ward current of water when 
this valve was opened was 
sufftcient to carry down some 
of the waste stuff from the 
top; and it became neces- 
sary to devise some means 
'Wimmer's Continnouely-workmg JiR. of preventing this flow. 

This was effected by covering the outlet with a conical tube, d, s\ipported 
from a bar of wood above and reaching down through the layer of poor 
stuff §0 low that only the heavy and richer portions resting directly 
upon or near the sieve can pass downward into the discharge pipe bf. 
This pipe is alternately opened and closed at the lop by an iron stopper 
placed at the end of a vertical rod the upper part of which slides through 
a supporting ring, j;. By means of an arm, i, supported on a pivot at ft, 
the stopper is alternately raised and loweretl as the piston P rises and 
falls. The opening in the discharge pipe is thus opened when the pis- 
ton descends, and is closed when it ascends.t It has been found in prac- 
tice, however, that this arrangement for opening and closing the dis- 
charge pipe does not give satisfactory results. 

A somewhat similar machine, in use in the Harz, is shown in section 
by the next figures. The outlet in the sieve is surrounded by a perfor- 
ated cylinder d, so as to prevent the refuse from entering, while the ore 
escapes through the tube and is delivered at the side. From five to six 

'lire's Dictionary, Burplempnt, p. KS2. 
\ fide La Preparation M^caoiijue (Its M 
Gilloa: Paris, 1858. 




>.y^ 



u Hara ea. 1867. Eapport par M. Aug. 
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cubic metres ol' stamp stuff cau be passed tbrougb tliia apparatus in 
twelve hours. 
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EITTXNGEE' 

One of the best jigs 
of the coatinuously- 
working class is the in- 
vention of Eittinger, 
and was exhibited at 
the great Exposition in 
Paris in 1867. 

It is represented in 
the annexed figure and 
is characterized by the 
iHclination of the gratea 
and the lowneas of the 
front partition, over 
■which the poor and 
lighter stuff falls con- 
tinuously, and with very 
little water, while , the 
heavier and richer por- 
tions fall through the 
opening or slit o, at the 
base of the partition. 
This partition is the 
segment of a cylinder, Eittingeft 

and is supported upon the lever or arm dj 




icting Jig 

b tu be -uii)\ ible bitk 
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CoatinuoualY working Jig — sflctiou through piston, 
two connettm^ loils The ^r ites are inelinerl forward, and are provided 



and forth in such a man- 
ner that the opening or 
slit may be increased 
or diminished at pleas- 
ure. The heavy stuff, 
passing through the 
opening, falls into the 
box K, ttom which it is 
removed as required. 
The inclination of the 
grate in this machine is 
from Ave to eight de- 
N^ grees. It is fed through 
VU the hopper B, which 
plunges below the sur- 
face of the stuff accu- 
mulated on the grate. 
The loss of water which 
occurs at each strote of 
the piston is replaced 
from a reservoir, W, at 
the back of the appara- 
tus According to Eit- 
tinger, experience has 
shown that the duty of 
self acting machines of 
this kind is generally 
thiee times as great as 
that fiom the ordinary 
inteimittent working 
apparatus. 



In 1863 Mr. Geyer, an 
engineer from Baden, 
introduced contin 
ly-workingjigsii 
gre at ore-dressin„ „ 
tablishment erected hy 
him on the banks of the 
Lahn In the construc- 
tion of these machines 
both wood and metal 
weie employed. The ar- 
rangement of the parts 
is lepiesented by the ac- 
companying figures. 
It lis a double machine, 
composed of two grates 
and two pistons, actu- 
ated simultaneously by 
means of cranks on a 
shaft above, the motion 
being communicated by 
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■with a crevice or gutter at tlie lower edge, througli wliielithe concen- 
trated ore falls into inclined tronghs c. The atnff passes from one grate 
to another, and thus two different grades of fineness may be secured. 
Iron plates or partitions are placed so as to govern the discharge, and 
these may be raised or lowered at pleasiire by the thnmb-screws e e. 
These machines, worked at seventy strokes per minute, will wash about 
nine cubic metres of stamp stuff, diameter of 0".005, in a day, and they 
require about 300 Utres of water. 

HUBT AND GBYLBE'S SELF-ACTING J1G-. 

Messrs. Huet & Gteyler exhibited this form of jig at the Paris Expo- 
sition in 1867, and its satisfactory operation upon lead ore was wit- 
nessed by the writer. It is constructed of cast iron, and is very com- 
pact. 

Most self-acting jigs require a large quantity of water, and this in 
many localities is a great objection to their use ; but this jig is designed 
to work with but little loss of water, and, at the same time, by the aid 
of an automatic scraper, to increase the product. 




Automatic Jig of Huet & Geyli 



The tub I'* shaped like the letter U, and is divided into two compart- 
ments, one foi the piston and the other for the working gi'ate. Water 
is supplied through the valve A, at the side, and the flue stuff or slime 
which falls through the sieve settles upon the botton, and is discharged 
through an opening, B, controlled by a lever reaching oat to the front of 
the apparatus. The piston is operated by means of a shaft and crank, 
which works in an inclined slide, C, connected with a lever carrying the 
piston, so as to give a rapid descending stroke with a period of rest at 
the bottom, and then a slow upward movement ; thus giving the most 
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favorable conditions for tlie rapid aud perfect separation of the stuff 
upon tlie grate. 

The motion of the piston may be varied at will, in order to secure the 
best flow or motion of the water for diftferent grades of ore. This ad- 
justment is eflfeetod by shifting the position of the head of the piston 
along the lever or arm, and by this means increasing or diminishing the 
amplitude of its motion. The construction of this slide is shown in the 
flgnre. By turning the fixed screw s s, the head of the pistou may be 
moved forward or backward. 
The machine is provided with a 
u scraper R, actuated by the long 
rod D, which is attached to an 
eccentric ou the main shaft and 
ves the levers E aud F, giving 
to the scraper a forward and 
bacliward motion over the top of 
the stuff upon the grate, and 
throwing out a portion of it at 
each movement. The path of the 
scraper is determined by the 
guides G, attached to each side 
of the tab. It can be varied by moans of screws upon the lever or arm 
F. In passing bEick ward, the roller or prQJection on the scraper, which 
follows the guides, rises upon the movable inclined plane G, and ou its 
return passes bdow this plane, following the double-dotted line in the 
figure. The poor stuff from the top, which is constantly thrown for-. 
ward and off by this scraper, falls over the fi-ont of the tub at R, along 
the chute M. The grate is inclined eib in the machine of Eittinger, and 
the opening for the escape of the heavier and rich portion is similarly 
placed at the foot of the incline and just below the bridge over which 
the poor stuff is scraped. The opening is shown at H. It is closed by 
a valve which extends along the whole front edge of the sieve, and can 
be opened and closed at pleasure by a lever. The stuff passing througli 
this valve falls into a receptacle K, from which it may be removed at 
pleasure through the opening L. The scraper is so made of perforated 
sbeet-iron that it does not throw the water out together with the waste. 
These jigs are made with great care and accuracy, and work in a satis- 
factory manner, as the writer assured himself by personal inspection of 
the macliine in operation near the Champ de Mars, in 1867. 

KEOM'S DET ORE CONCENTRATOR. 

This machine may be called an air jiff. Dry ore in powder or coarse 
grains is subjected to sudden puffs of air frombelow, through a grate, 
precisely as water is forced up through a grate in the pump jigs. In 
this machine the dry ore is supplied automatically upon a horizontal 
sieve, and the concentrated portion is discharged upon one side and the 
refuse upon another. It consists of a receiver, to hold the crushed ore ; 
an ore-bed, on which the ore is acted upon; gates, to regulate the flow 
of ore from the receiver and the depth of ore on the ore-bed; bellows, 
to give the puffs of air; a trip-wheel and spring, to operate the bellows; 
and a ratchet-wheel and pawl, to operate the discharge roller. There 
are sis projections on the trip-wheel, and therefore the moderate speed 
of 50 to 70 revolutions per minute of the trip-wheel shaft gives 300 to 
400 movement t-o the bellows, and a corresponding number of puffs of 
air. This rapidity is a great advantage. The use of water iu conceu- 
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tration admits only from 50 to 80 lifts per minute, while in air from 300 
to 4(H) are obtained. This is due to the fact that bodies fall much more 
rapidly in air than in water. 

The sieve or ore-bed is made of wire gauze tubes, placed from one- 
quarter to one-half of an inch apart, according to the kind or grade of 
ore to be treated. The concentrated ore settles down in openings 
between these tubes, and accumulates in a reservoir from which the 
discharge is regulated by a roller, so as to keep it filled and thus form a 
support for the upper layer of ore to be acted upon. 

The experimental working of this machine ia certainly very satisfac- 
tory ; and it is claimed for it that it will accurately separate zinc-blende 
from galena — a severe test. The madiine measures five feet by two feet, 
is three feet ten inches high, and weighs about 800 pounds. 

SBPAEATIOH OF ORBS BY FALLING THEOTTGH A €OLUMR OF "WATER. 

Various forms of apparatus have been devised to effect the separation 
of the grains of either coarse or fine stamp stuff having nearlj' the same 
volume, but differing in density, by allowing them to fall through a 
column of water either at rest or 
in motion. Such machines may 
be regarded as modifications of 
the jig; a greater length of fall 
of the materials in water being 
substituted for a succession of 
short falls, the residt of the re- 
peated shocks or jerks given to 
the sieve. Apparatusof this kind 
forms a connecting link between 
jigs and the slime separators. 

These machines depend f-jr 
their operation upon the differ- 
ence in the time required for par- 
ticles to fall through a given 
height of column of water, which, 
for particles of equal size, is in 
the order of their specific gravi- 
ties. As the time required is 
modified by the bulk of the par- 
ticles, a careful sizing is an essen- 
tial prerequisite to the success of 
this form of concentrating appa- 
ratus. 

One of the simplest forms is a 
stationary cylinder, designed by 
Messrs. Huet & Geyler, and ex- 
hibited at the Exposition in Paris, 
- 1867. It consists of two st-ation- 
ary concentric cylinders, E and 
I, kept full of water by means of , 
a supply pipe T, while a portion 
of the water escapes through the 
opening in the conical bottom 0, 
and the excess overflows at G, 
around the top. ■ 

Directly below the aperture in 
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the bottom of this cylindrical vessel, a receiving tub B is plafled, so as 
to receive the water and ore tliat fall through. This tub is divided 
into compartments and rotates around a central vertical axis. The stuff 
to be concentrated is supplied at intervals at the top of the cylinder I, 
at A, and falls in the direction of the arrow. In falling through the 
three feet of water, the particles separate according to their specific 
gravity, and the heaviest arrive first at the outlet and are caught in 
one of the compartments of B. As the next grade of ore reaches the 
outlet, the tub B has turned so as to bring another compartment under 
the orifice, and the stuff is tlius elassifled. The revolution of B mxist 
be carefully timed to the rate of descent of the particles and the interval 
of the periodic changes. 

The following tabular statement shows the time required for the fall 
of stamp stuff of different minerals, and of diffei'ent diameters : 



SiM of tlie 

KTOTOl 

in mmimetreB. 


Gfllonn, 
gravity 7.60. 


gravity 4.60 


Earjtes, 
giavii5 4.M. 


Elenae, 
grOTity 4, 15. 


gravity 2. 10. 


gravity a 60. 


From to 


0.90 
1.50 


B..^ 


E>^^. 


s.^ 


2.38 


Setxmds. 
































«" 11 


4.-H 


s 


iS 


j; 








1.00 


14.64 


•"' 



This table shows that the velocity of the receiving tub must be pro- 
portioned to the size of the particles of the stuff to be separated and to 
the height of the fall. For a height of 1™.00, the number of revolutions 
of the tub per minute must be, for particles of O^-OIS in diameter, 21 
revolutions; 0".004, 11 revolutions; ©"".OOl, 6 revolutions; 0"'.00025, 
3,7 revolutions. 

This apparatus has not yet been long enough in practical operation to 
prove its value, and it requires to be studied and experimented with 
further before the results will be satisfactory, yet it has already been 
found that a thorough dassiflcation of the stuff is essential; that the 
feeding and the motion of the rotating tub must be regular : that the 
grains which separate best are those between 0™,004 and 0".Ol in 
diameter; and that with fine stuff the results are incomplete. When 
the particles are 0™,014 in diameter, and have a density of 3.15, tiioy 
will precipitate from compartment to compartment, in tlie following 
order: 

Pirst compartment, density, 4.2 ; 7 per cent. 

Second compartment, density, 3.3 ; 52 per cent. 

Third compartment, density, 2.9 ; 24 per cent. 

Fourth compartment, density, 2.9 : 12 per cent. 

Fifth compartmeBt, density, 2.9; 3 per cent. 

Sixth compartraeiit, density^ 2.8 ; 2 per cent. 

For the particles of (I™ .014 m diameter, the proper number of turns 
is three and a hal^ and for particles of 0".004, five turns. One of these 
contrivances will deliver about 750 quarts of gravel per hour. 
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hxfnbt's settling tub. 

Huiidt'a settling tub operates similarly, biit differs in this, that the 
receiving tub iBj^ed, and the water column is made to rotate. The ore 
is not supplied in the center of a eolurau of water, but into an amiular 
or cylindrical column in a continuous stream, differing in this respect 
also from the first described apparatus. It is a continuous working ma- 
chine, designed to separate or sort theparticles according to their velocity 
of fall through the columu of water. The particles of stuff entering 
this machine are subject-ed to two motions, the direct fall due to gravity, 
and the movement of translation due to the motion of the water. It fol- 
lows that they take a diagonal course and reach the bottom at differeut 
distances from the point at which they entered the column. 

This apparatus was first used at the Lander- 
krone mines, near Wilnsdorf, in 1854. It consists 
of a circular tub, within which an open cylinder 
is supported and made to revolve by a vertical 
shaft. This cylinder Is partly closed by means of 
a cone, so adjusted that only an annular opening 
is left, 5 centimetres wide at the hottum, and 13 
centimetres at the top. The outer tub is l^.TS in 
diameter, and is 2 metres high. The inner cylin- 
der is 1™.60 in diameter. Small partitions, s s, 
between the cone and, the cylinder ser^'e to carry 

the water filling the space axound with the conej 

and cylinder during their rotation. Huudt's Settliiig Tub. 

The stuff to be treated is introduced in a continuous stream at the 
top, and in falling through this height of two metres of water, and being 
at the same time carried around by the revolution, is classified accord- 
ing to the rapidity of the faU of the particles. It may be withdrawn 
from the vessel by suitable openings around the bottom. By careful 
management of these openings, verj' little water is lost; and this econ- 
omy of water, and the very small quantity required for the proper work- 
ing of the apparatus, renders it especi^Iy worthy of the attention of 
mill-men and metallurgists, in such regions in Kew Mexico, Arizona, 
Nevatla, and Sonora, where water is scarce. The number of revolutions 
of the drum sliould range between 2 and 6 per minute, the diameter 
being 4 feet, and tie size of the grain from g^ to J of an inch. Used 
with ore-stuft' particles of which differ in size, the machine sorts these 
particles according to their rate of fall. As the product in such a case 
would consist of small and dense pai'tieles mingled with hirger ones of 
less specific gravity, the separation can readily be effected by the sim- 
ple operation of sifting. 

EITTHSGER'S SETZ-EAB. 

The apparatus of Rittinger is upon the same principle as Hundt'a, 
and it is not clear which was suggestive of the other. It is a self-feed- 
ing continuous working machine, and consists of a st-ationary wooden 
tub a a, the bottom of which is divided into eight conical compartments 
connecting with pipes c, which, after descending for a short distance 
into the foundation, turn upward and outward, and are curved at the 
end so as to deliver the water from the tub into an annuhir trough d. 
A double cylinder,//, supported by a shaft, g, is made to turn in the tub 
a. The stuff to be separated is delivered in a constant stream through 
the hopper and distributor Jc into the revolving cylinder, and falling 
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tlirougli the water in this space ia sorted and collected in the conical 
reservoirs and tubes b. A branch tube, closed by valves s s, permits the 
removal of this concentrated stuff from time to time. The waste stuff, 
delivered through the tubes i into the annular trough d, flows into 
another trough or conduit m, whence it is lifted by the wheel n, and re- 
turned to the tub a. 




Eittingei in his Aufbet eitung deseiibes a machine of similar constrnc- 
tion, m which the stuff is not received uito an innular column of water, 
but into an ordiniry tub va which the witer is made to re\olve bj i 
■wing wheel, the wings of which would coirespond in position to the 
sections ot the cylindei //m the last figure The bottom ii divided 
into eight radial compartments ending m fiinnel lifee cavities, as shown. 
With graiDS of lead oie ^ of an inch in diameter, 91 per cent, of all the 
lead-ore contained in the stuff will be delivered into the secoud compart- 
ment at the bottom, and 8 per cent, in the next. But with grains A 
of an inch in diameter, only 75 per cent, will be found in the second, and 
20 per cent, in the third compartment. 

SLIME SEPARATORS AND SORTING BOXES. 

A convenient and effective form of the cone apparatus is here shown 
on a scale of Js-,the upper cone in section. A complete series is usually 
composed of nve or six, arranged in succession, one below another, as 
shown. The construction is very simple ; and they can be made of cast- 
iron, so as to be very durable, and at the same time exact in form. Bach 
part consists of two cooes, one inserted in the other, so as to leave an 
annular space in which water flows upward from a reservoir or chamber 
at the lower, or pointed end. The stuff to be concentrated is conveyed 
by a launder into the npper cone, and, passing through holes, encounters 
the upward current. The largest of the stuff so fed should not exceed 
three-quarters of a millimetre in diameter. The lighter portions are at 
once carried upward and over the upper edge of the inner cone, and 
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Ml ■with the escape-water into au iiiiml'ii tiough bj which they are 
conducted away to the next lower oone whib the particlei^ ot snffleieiit 
weight to resist the current tall through it, %iv\ acLumulat« in i small 




Conical Spparati 



inverted eoiie, in the chamber below, from which they are allowed to 
drop by the small aperture at the apex in the direction indicated by 
the arrow. This orifice is controlled by a valve, and can be regulated 
at will, according to the rapidity of the accumulation. So, also, by 
means of a screw above the upper coue, the distance between the cones 
can be regulated accorduig to the necessities of each case. The appa- 
ratus requires considerable water, and the overflow from one coue is car- 
ried to the next, and so or ' ' " 



EITTINGBE'S SICPABATINa TUBS WITH ASCENDING OUREBNTS. 

This is another modification of the conical tubs or pointed boxes, but 
the shape is rectangular, and the water current is not confined to a nar- 
row zone or space between partitions. This form consists of a succes- 
sion of deep trough-like depressions placed edge to edge, and gradually 
increasing in size and depth. But as the ends and sides are the highest, 
the series forms, in reality, but one vessel, the water covering all of the 
intermediate edges, and thus permitting a continuous flow from one end 
to the other. This wiU be seen from the inspection of the figure. Seven 
compartments, B B, are shown, and the direction of the flow from to 
W is indicated. The whole series is supported upon a frame at such a 
height that the attendant can pass under it, and reach the openings at 
the apex of the pyramida! tuba, at AA, where the concentrated stuff 
flows out. A supply-pipe, P P, delivers clear water into each compart- 
ment through a branch pipe reaching nearly to the bottom. The stuff 
entering at deposits the heaviest particles, and, aided by the ascend- 
ing flow of water from the pipe, the lighter portions pass over into the 
next tub, and so on. The flow of wata* into each compartment must be 
carefully regulated. As the size of the compartments increases, the as- 
IGm 
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g current lias less and less force, and finally onlj- tlie very light- 
i poorest portions are carried away. 

The arrangement gives very satisfactory 
results. It requires from 120 to 150 quarts 
, o of water a minute, and will separate about 

X, aton of battery pulp in each Lour. It may 

1^ ...4 be constructed eitlier of wood or of iron. 

* Vv The apparatus shown in the figure is made 

of iron. 

IJITTINaiiE'S COMTINUOUSLY-WOEKING- 



?#l 



This is another and important machine 
for concentrating by the flow of the s*uff 
over a plaue inclined surface. It has, in 
addition, a percussive shock, given later- 
ally at right angles to the flow, and not 
^ parallel with it, as in many of the inclined 
g tables, and, for example, in Hunter's con- 
I centrator. 

* It consists of a wooden table ov plat- 
a form, about eight feet long and tour wide, 
"g suspended at the four comers, and inclined 
6 forward so that water and tine stuff poured 
^ upon the upper part will flow evenly down 
a^ ^ to the front edge. A lateral throw and 
^ percussion is given to the whole table by 
^ means of cams, c, upon a shaft at the aide, 
H and the reacting wooden spring S upon the 
c* opposite side of the table. Two tables are 
% usually combined in one, and they are sep- 
I arated by a narrow strip of wood extending 
^ the whole length ; similar strips are placed 
^ on each side of the table, and serve to keep 
li,the water and staff fi-om flowing off. The 
.3 stuff' to be washed is delivered upon the 
-| tables at the upper left-hand corner, at A. 
The distributors P P P foruisli clear water. 
While the table is at rest, the tendency of 
the stuff' is to flow down the slope in a 
direct line from A to A'. By means of the 
lateral percussion, however, the path of the 
heavier particles is changed, and they are 
gradually thrown from left to right, along 
the surface of the table, at right angles to 
the direction of the current of clear water. 
This current tendsatthesametimeto sweep 
the particles downward, and it acts upon 
the light sterile matters more rapidly than 
upon the heavy ore. The result is, that 
the heavier and richer particles are grad- 
ually separated from the poor stuff and de- 
scribe the path upon the t-able indicated by 
the dotted lines. By tlie time the particles have reached the foot of the 
table, the richest portions have been transferred to the comex of the table 
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diagonally opposite to that upon wliicli the stuff entered, and they flow off 
into the compartment E. The " middlings" are dropped into the next 
eompartment D, and the poor falls into O. 




Rittingor'a Coutinuoiislr-workiug Stoasheerd — view from above, 
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